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NOTICE TO USERS 

A l l  methods and procedures f o r  the  use o f  b i o l o g i c a l  c r i t e r i a  conta ined and/or 
r e f e r r e d  t o  I n  these volumes supercede those descr ibed i n  any prev ious Ohio 
EPA manuals, repo r t s ,  p o l i c i e s ,  and p u b l i c a t i o n s  dea l i ng  w i t h  b i o l o g i c a l  
eva lua t lon ,  des ignat ion  of aquat ic  l l f e  uses, o r  t he  eva lua t i on  o f  aquat ic  
l i f e  use at ta inment .  Users o f  these c r i t e r i a  and suppor t ing f i e l d  methods, 
da ta  anal-yses, and study des ign should conform t o  t h a t  presented o r  re ferenced 
I n  these volumes (and subsequent r e v l s i o n s )  t o  be app l i cab le  under t h e  Ohio 
Water Q u a l i t y  Standards (WQS; OAC 3745-1). 

Three volumes comprise the  suppor t ing  documentation f o r  s e t t i n g  and us ing  
b l o l o g l c a l  c r i t e r i a  i n  Ohio. A l l  t h ree  volumes a r e  needed t o  use the  
b l o l o g l c a l  c r i t e r i a ,  Implement the  f i e l d  and labo ra to ry  procedures, and 
understand t h e  p r i n c i p l e s  behind t h e i r  development, use, and a p p l i c a t i o n .  
These volumes are:  

Ohio Environmental P ro tec t i on  Agency. 1987. B i o l o g i c a l  c r i t e r i a  f o r  t he  
p r o t e c t i o n  o f  aquat ic  l i f e :  Volume I .  The r o l e  o f  b i o l o g i c a l  data i n  
water q u a l i t y  assessment. 
Assessment, Surface Water Sect ion,  Columbus , Ohio. 

D i v i s i o n  o f  Water Q u a l i t y  Mon i to r ing  and 

Ohio Environmental P ro tec t i on  Agency. 1987. B i o l o g i c a l  c r i t e r i a  f o r  t he  
p r o t e c t i o n  o f  aquat ic  l i f e :  Volume 11. Users manual f o r  b l o l o g l c a l  
f i e l d  assessment o f  Ohlo surface waters.  D i v i s i o n  o f  Water Q u a l i t y  
Mon i to r i ng  and Assessment, Surface Water Sect ion,  Columbus, Ohio. 

Ohio Environmental P ro tec t i on  Agency. 1987. B i o l o g i c a l  c r i t e r i a  f o r  t he  
p r o t e c t i o n  o f  aquat ic  l i f e :  Volume 111. Standardized b i o l o g i c a l  f i e l d  
sampling and labo ra to ry  methods f o r  assessing f i s h  and macro inver tebrate 
comnunlt les.  D i v i s i o n  o f  Water Q u a l i t y  Mon i to r ing  and Assessment, 
Columbus, Ohio. 

I n  a d d i t i o n ,  one o ther  p u b l i c a t i o n  f rom the  Stream Reg iona l i za t i on  P r o j e c t  i s  
recomnended t o  a l l  users:  

W h l t t l e r ,  T.R . ,  D.P. Larsen, R.H. Hughes, C.H..Rohm, A.L. Ga l lan t ,  and J.H. 
Omernik. 1987. The Ohio stream r e g l o n a l i z a t l o n  p r o j e c t :  a compendlum o f  
r e s u l t s .  U.S.  €PA - Environmental Res. Lab, C o r v a l l l s ,  OR. 
EPA/600/3-87/025. 66 pp. 

These documents can be obta lned by w r l t l n g :  

Ohio Environmental P ro tec t i on  Agency 
D i v i s i o n  o f  Water Q u a l i t y  Mon i to r ing  and Assessment 

1800 WaterMark Dr ive ,  P.O. Box 1049 
Columbus, Ohio 43266-0149 

Other recomnended and h e l p f u l  l i t e r a t u r e  I s  l i s t e d  i n  the references o f  each 
volume. 
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B i o l o g i c a l  C r i t e r i a  f o r  the  P ro tec t i on  o f  Aquatic L i f e :  
Volume 11. Users Manual f o r  B i o l o g i c a l  F i e l d  

Assessment o f  Ohio Surface Waters 

SECTION 1: INTRODUCTION 

Backqround 

A p r i n c i p a l  o b j e c t i v e  o f  t he  Clean Water Act (CWA) i s  t o  r e s t o r e  and maln ta in  
t h e  b i o l o g i c a l  i n t e g r i t y  o f  sur face waters.  Although t h i s  o b j e c t i v e  I s  
fundamental ly . b i o l o g i c a l *  I n  na ture  the  s p e c l f i c  methods by which regu la to ry  
agencies a re  a t tempt ing  t o  reach t h i s  o b j e c t i v e  a re  predominated by such 
non-b io log i ca l  measures as chemlcal /phys ica l  water q u a l i t y  (Kar r  et G.  
1986). The r a t i o n a l e  f o r  t h i s  process i s  w e l l  known - chemlcal c r i t e r i a  
developed through t o x i c o l o g i c a l  s tud ies  o f  rep resen ta t i ve  aquat ic  organisms 
serve as surrogates f o r  measuring t h e  at ta inment  o f  t he  b i o l o g l c a l  ob jec t i ves  
o f  the  CWA. Whole e f f l u e n t  t o x i c i t y  t e s t i n g  o f f e r s  an improvement over a 
s t r i c t l y  chemical approach, b u t  i t s e l f  lacks  t h e  a b i l i t y  t o  b road ly  assess 
ecosystem e f f e c t s ,  p a r t i c u l a r l y  phys i ca l  and non- tox ic  chemical impacts. The 
presumption i s  t h a t  improvements I n  chemical water q u a l i t y  w i l l  be fo l lowed by 
a r e s t o r a t i o n  o f  b i o l o g i c a l  i n t e g r i t y .  Although t h i s  type o f  approach may 
g i v e  t h e  impression o f  emp i r i ca l  v a l i d i t y  and l e g a l  d e f e n s i b i l i t y  i t  does no t  
d i r e c t l y  measure t h e  eco log i ca l  h e a l t h  and we l l -be ing  o f  sur face waters.  
Recent i n fo rma t ion  shows t h a t  o ther  f a c t o r s  (e.g. excessive sediment) i n  
a d d i t i o n  t o  chemical water q u a l i t y  a r e  respons ib le  f o r  the  con t inu ing  dec l i ne  
o f  sur face  water resources i n  a m a j o r i t y  o f  cases (Judy e t  a l .  1984). Because 
b i o l o g i c a l  i n t e g r i t y  i s  a f f e c t e d  by these f a c t o r s  I n  a d d i t i o n  t o  chemical 
water q u a l i t y ,  c o n t r o l l i n g  chemical d ischarges a lone does n o t  i n  i t s e l f  assure 
the  r e s t o r a t i o n  o f  b i o l o g i c a l  I n t e g r i t y  (Kar r  e t  a l .  1986). 

Ohio Water Q u a l i t y  Standards (OAC 3745-1) a re  designed t o  p rov ide  a bas ls  f o r  
p r o t e c t i n g  and r e s t o r i n g  sur face waters f o r  a v a r i e t y  o f  uses, i n c l u d i n g  the 
p r o t e c t i o n  and propagat ion o f  aquat ic  l . i f e .  Aquat ic l i f e  p r o t e c t i o n  c r l t e r i a  
c o n s i s t  o f  t i e r e d  aquat ic  l i f e  uses which are  de f ined i n  OAC 3745-1-07. These 
i n c l u d e  Warwater  H a b i t a t  (HUH), Except ional  Warwater  Hab i ta t  (EWH), Cold 
Water H a b i t a t  (CWH), Seasonal Salmonid Hab i ta t  (SSH), and L im i ted  Resource 
Waters (Mod i f ied  M a r w a t e r  H a b i t a t  w i l l  be proposed). Each o f  these use 
des lgnat ions  have been q u a l i t a t i v e l y  de f ined i n  general  eco log i ca l  terms i n  
the  WQS and chemical-numeric c r i t e r i a  a re  assigned on a parameter-by-parameter 
o r  n a r r a t i v e  bas is .  I n  a d d l t i o n  t o  t h i s  Ohio EPA has s p e c i f i c a l l y  de f ined the  
WH, EWH, and CWH use des ignat ions based on measurable Charac te r i s t i cs  o f  
ins t ream f i s h  and macro inver tebrate c o r n u n i t i e s  (Ohio EPA 1984). 

Since 1980 Ohio EPA has used measurable c h a r a c t e r i s t i c s  o f  inst ream f i s h  and 
macro inver tebra te  c o r n u n i t i e s  (expressed as numerical  and n a r r a t i v e  b i o l o g i c a l  

, c r i t e r i a )  t o  q u a n t q t a t i v e l y  determine use attainment/non-attainment i n  f l o w i n g  
waters.  Examples o f  t h i s  use are  t h e  d e r i v a t i o n  o f  water qual i ty -based 
e f f l u e n t  l i m i t s  ( f o r m e r l y  the  CWQR process),  t he  b i e n n i a l  305b water q u a l i t y  
r e p o r t ,  and t h e  P r i o r i t y  Water Q u a l i t y  Area-Municipal P r o j e c t  P r i o r i t y  L l s t  
(PWQA-MPPL) system. Other recent  uses o f  t h i s  eva lua t i on  technique inc lude  
eva lua t i on  o f  dredge and f i l l  p r o j e c t s  (1.e. 401 c e r t i f i c a t i o n ) ,  nonpoint  
source p r o f i l e s ,  v a l i d a t i o n  of e f f l u e n t  t o x i c i t y  t e s t  r e s u l t s ,  and the 
d iscovery  o f  p rev ious l y  unknown o r  poo r l y  understood environmental problems. 

1-1 QQQQQ7 
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The B l o l o q i c a l  Basis f o r  Determlninq Use Attalnment/Non-Attainment 

Aquat ic l i f e  use a t ta inment  has t r a d i t i o n a l l y  been determined on a chemlcal 
basts .  Th is  was accomplished by c o l l e c t l n g  water samples, conduct ing chemlcal 
ana lys i s ,  and comparing r e s u l t s  w i t h  water q u a l i t y  c r i t e r i a .  I f  exceedences 
of s p e c i f i c  chemical c r i t e r i a  were observed i t  was then assumed t h a t  the  
des ignated use was n o t  be lng  a t t a l n e d .  However, i t  has been our exper ience 
t h a t  t h i s  approach has some s i g n i f i c a n t  shortcomings p a r t i c u l a r l y  when 
chemical  r e s u l t s  a r e  compared t o  the  response o f  t he  res iden t  b i o t a .  
B i o l o g i c a l  measures have i n d i c a t e d  non-attalnment when chemical WQS were no t  
exceeded and visa, versa. These " c o n f l i c t s u  occur f o r  severa l  reasons t h e  m o s t  
Impor tan t  o f  which a r e  t h e  des ign o f  most chemical sampling programs, 
' inadequacles" o f  t h e  c r i t e r l a  themselves, and t h e  f a c t  t h a t  the  b i o t a  respond 
t o  non-chemical pe r tu rba t i ons  o f  t he  environment. Some substances (e.g. 
sedlment, n u t r l e n t s )  which a re  cornon cons t i t uen ts  o f  bo th  p o i n t  and nonpoint  
sources e x e r t  t h e i r  negat lve  e f f e c t s  by means o ther  than t o x l c i t y .  These 
substances a r e  genera l l y  n o t  inc luded i n  water q u a l i t y  c r i t e r i a  guidance 
documents because the re  i s  no t o x i c i t y  bas is  f o r  develop ing a water q u a l i t y  
c r l t e r l o n .  Thus i t  has n o t  been poss lb le  t o  develop th resho ld  response l e v e l s  
f o r  aqua t i c  l i f e  comparable t o  t h e  chron lc  and acute t o x i c i t y  thresholds t h a t  
a r e  r o u t i n e l y  developed f o r  substances t h a t  do e x e r t  t h e i r  negat ive  e f f e c t s  by 
t o x i c i t y .  Other substances t h a t  a r e  h l g h l y  t o x i c  ma9 n o t  be inc luded I n  WQS 
because data t o  develop a c r i t e r i o n  i s  lack ing .  I n  p a r t i a l  response t o  t h i s  
problem Sect ion  308 of  the  Water Q u a l i t y  Act  o f  1987 d i r e c t s  U.S. EPA t o  
develop b l o l o g l c a l  eva lua t i on  technlques as an a l t e r n a t i v e  t o  the  
p o l l u t a n t - b y - p o l l u t a n t  approach f o r  t o x i c  chemlcals. T h i s  volume presents an 
approach toward f u l f i l l i n g  t h i s  mandate. 

To r e s o l v e  some o f  t h e  s ta ted  shortcomings o f  a s t r i c t l y  chemical approach t o  
d e f l n i n g  aqua t i c  l i f e  use impairment we In t roduce  the use o f  b i o l o g i c a l  
c r i t e r i a  t o  determlne t h e  magnitude and s e v e r i t y  o f  environmental degradat ion 
d i r e c t l y .  T h l s  approach has some impor tan t  advantages: 

1. Some organlsm groups, p a r t i c u l a r l y  f i s h  and macro lnver tebrates,  i n h a b l t  
t h e  r e c e i v i n g  waters cont inuous ly  o r  f o r  most o f  t h e i r  l i f e  cyc le  and as 
such a r e  a r e f l e c t l o n  o f  t he  pas t  chemlcal, phys l ca l ,  and b i o l o g i c a l  
h i s t o r y  of t h e  r e c e i v i n g  waters ( i nc ludes  heal thy,  n o t  t r a n s i e n t  
comnunl t ies) .  
a q u a t i c  env i  ronment . 

Hence they a r e  cont inuous moni tors  o f  the  q u a l i t y  o f  the  

2. Resident b l o l o g l c a l  c o r n u n i t i e s  a r e  i n t e g r a t o r s  o f  t he  p r e v a l l i n g  and pas t  
chemical, phys i ca l ,  and b i o l o g l c a l  h i s t o r y  o f  t he  r e c e i v i n g  waters, 1.e. 
t hey  r e f l e c t  t h e  dynamic i n t e r a c t i o n s  o f  stream f low,  p o l l u t a n t  loadings, 
h a b i t a t ,  t o x i c i t y ,  and chemical q u a l i t y  t h a t  a r e  n o t  comprehensively 
measured by chemical o r  shor t - te rm bloassay r e s u l t s  alone. 

3 . Many f i s h  specles and I n v e r t e b r a t e  groups have l i f e  spans o f  severa l  years 
(2-10 y rs .  and longer ) ,  thus the  c o n d i t i o n  o f  the  b i o t a  i s  an I n d i c a t i o n  
o f  bo th  p a s t  and recent  environmental  cond i t i ons .  B i o l o g i c a l  surveys need 
n o t  be conducted under abso lu te  "worst  case" cond i t i ons  t o  p rov ide  a 
comprehensive and meaningful  eva lua t i on  o f  use attalnment/non-attainment. 
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4. Biological assessment techniques have progressed to the point that 
incremental degrees and types of  degradation can be determined and 
presented as numerical evaluations (e.g. Index o f  Biotic Integrity, 
Invertebrate Comnunity Index, etc.) that have practical relevance. 

5. Biological cornunity condition portrays the results of water quality 
management efforts in direct terms, 1.e. increases and decreases in 
comnunity health (as reflected by biological comnunity structure and 
function) are a meaningful measure of regulatory program progress. 

6. Biological assessments at the sub-comnunity level (e.g. fish, 
macroinvertebrates) are a workable, affordable, and cost-effective 
monitoring activity for state regulatory agencies (Ohio EPA 1986). 

measures is the integrated result of the chemical, physical, and biological 
processes in the receivlng waters. This condition can be viewed as an 

-'--- - f? 
The condition of the aquatic cornunity as revealed by the above mentioned e- 

"ecological endpoint" much the same way that lethality Is the endpoint of an ..- 
acute toxicity test. Since this endpoint can be quantified in measurable *. 

. *' ." 

terms, criteria can be established that represent direct measures of use 
attainment/non-attainment. Finally, biological cornunity data (particularly 
for fish and macroinvertebrates) are reasonably obtainable. Rapid advances in 
field sampling and laboratory techniques over the past 10 years make routine 
biological field monitoring a workable concept for regulating surface water 

biological field data Is cost competitive with chemical and bioassay 
evaluations (Ohio EPA 1986). 

quality. A recent Ohio €PA analysis of program costs shows that obtaining rci + 

.)!Y$ . 
r -  c 

- 9 
~ 1 ,+ ._ 

.W\ ? I  (.IC. 

- .._ Biological Criteria 

Ohio EPA has used numerical and narrative biological criteria based on fish - I _  

and macroinvertebrates for quantitatively determining aquatic life use 
attainment/non-attainment since 1980. For fish the Index of Well-Being 
(Gamnon 1976; Gamnon 1980; Gamnon et al. 1981) was the principal basis for 
determining use attainment. 
criteria were used which are based on specific macroinvertebrate comnunity 
characteristics (DeShon d. 1980). These criteria and analyses are termed 
'structural" In that they are based on comnunity aspects such as diversity, 
numbers, and biomass. More recently measures that incorporate comnunity 
'function" (i.e. feeding strategy, environmental tolerance, disease symptoms) 
have been incorporated into the program. For fish the Index o f  Well-Being is 
retained in a modified form (Appendix C) and the Index of Biotic Integrity 
(181; Karr 1981; Karr et al. 1986) Is added. For macroinvertebrates the 
Invertebrate Comnunity Index (IC11 will supplant the narrative evaluations. 

For macr0,invertebrates a system o f  narrative 

. .  
. . :  

These are not merely diversity indices and should not be equated to or 
confused with the more traditional Information theory based indices (e.9. 
Shannon Index) or species richness. Although these structural attributes are 
included, they- are one component along with metr,ics that measure cornunity 
production, function, tolerance, and reproduction. This provides for a 
rigorous, ecologically oriented approach to assessing aquatic cornunity health 
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and wel l -be ing.  The r a t i o n a l e ,  development, and a p p l i c a t i o n  o f  these ind ices  
i s  discussed I n  d e t a i l  l a t e r  I n  t h i s  document. 

The a p p l i c a t i o n  o f  these methods and c r i t e r i a  have been tes ted  over a wide 
range o f  sur face  water body s izes  and types, and a wide range of phys ica l  and 
chemical cond i t i ons  i n  Ohio and elsewhere. More than 330 r i v e r s  and streams 
cove r ing  more than 5,300 stream m i l e s  have been b i o l o g i c a l l y  evaluated by Ohio 
€PA s ince  1979. T h l s  has Inc luded impact assessments f o r  more than 700 p o i n t  
source discharges. a wide v a r i e t y  o f  nonpoint source In f luences ,  combined 
sewer ove r f l ow  and s t o r w a t e r  discharges, sewage p l a n t  bypasses, accidenta 
s p i l l s ,  and p rev ious l y  unknown or  unregulated discharges. 

E v a l u a t i n q  B i o l o q i c a l  I n t e q r i t y  

The term ' b i o l o g i c a l  i n t e g r i t y "  o r i g i n a t e s  from the  Water P o l l u t i o n  Contro l  
A c t  amendments o f  1972 (PL 92-500) and has been c a r r i e d  I n  subsequent 
r e v i s i o n s  (PL 95-217; PL 700-1). E a r l y  attempts t o  de f i ne  b i o l o g i c a l  
I n t e g r i t y  I n  ways t h a t  I t  cou ld  be used t o  measure at ta inment  of l e g i s l a t i v e  
goa ls  were Inconc lus i ve  ( B a l l e n t i n e  and Guarr ie  1975). 
d e f i n e  b i o l o g i c a l  i n t e g r i t y  focused on the  d e f i n i t i o n  o f  some p r i s t i n e  
c o n d i t i o n  t h a t  e x i s t s  i n  few, I f  any, ecosystems i n  the  conterminous Uni ted 
Sta tes .  Hughes et a. (1982) concluded t h a t  b i o l o g i c a l  i n t e g r i t y ,  when 
d e f i n e d  as some p r i s t i n e  cond i t ion ,  i s  d i f f i c u l t  t o  p r e c i s e l y  de f i ne  and 
asses\. The p r i s t i n e  d e f i n i t i o n  o f  b i o l o g i c a l  I n t e g r i t y  was considered a 
conceptual  goal  towards which p o l l u t i o n  abatement e f f o r t s  should s t r i v e ,  
a l t hough  cu r ren t ,  past, and f u t u r e  water and land uses may prevent i t s  f u l  
r e a l i z a t i o n .  

These e f f o r t s  t o  

For t h e  purposes o f  t he  Ohio Water Q u a l i t y  Standards (WQS) b i o l o g i c a l  
I n t e g r i t y  I s  p r a c t i c a l l y  de f ined as the  a b i l i t y  o f  an aquat ic  ecosystem t o  
suppor t  and ma in ta in  'a  balanced, in tegra ted ,  adapt ive cornun i ty  o f  organisms 
hav ing  a species composition, d i v e r s i t y ,  and f u n c t i o n a l  o rgan iza t i on  
comparable t o  t h a t  o f  t h e  bes t  n a t u r a l  h a b i t a t s  w i t h i n  a reg ion  (Karr and 
Oudley 1981). T h l s  I s  cons i s ten t  w i t h  t h e  recornendations o f  Hughes et a. 
(1982) and Karr  et a. (1986). Thus t h e  methods by which t h e  f o l l o w i n g  
b l o l o g i c a l  c r i t e r i a  have been es tab l i shed r e f l e c t  t h i s  d e f i n i t i o n .  

B I o l o g i c a l  d e f i n i t i o n  o f  use attainmenthon-attainment I s  made poss ib le  by 
m o n i t o r i n g  aquat ic  comnunities d i r e c t l y .  
s tandard ized,  q u a n t l t a t l v e  sampling techniques which a re  descr ibed i n  the  Ohio 
€PA Manual o f  Su rve i l l ance  Methods and Q u a l i t y  Assurance Prac t ices  (Ohio €PA 
1987a). Management dec is ions  based on b i o l o g i c a l  c r i t e r i a  must be made w i t h  
the Involvement o f  an aquat lc  b i o l o g i s t  f a m i l i a r  w i th  the  s p e c i f i c  methods, 
I n d i c e s ,  and c r i t e r l a  be ing used (Karr  et a. 1986). A sound f a m i l i a r i t y  w i t h  
t h e  r e g i o n a l  fauna I s  a l s o  needed t o  ensure eva lua t ions  t h a t  a re  e c o l o g i c a l l y  
sound. Care fu l  sampling I s  a necess i ty  and requ i res  the  Involvement o f  
t r a i n e d  personnel who a r e  a b l e  t o  contend w i th  the  s i t e  s p e c i f i c  
c h a r a c t e r i s t i c s  o f  d i f f e r e n t  surcface water bodies. F i n a l l y ,  taxonomic 
e x p e r t l s e  m u s t  be adequate t o  accomplish organism i d e n t i f i c a t i o n s  t o  the  
r e q u i r e d  l e v e l  (Ohio €PA 1987a). Karr  a. (1986) p rov ide  a d d i t i o n a l  

Th is  i s  accomplished by 

. .  . _ .  . 
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caut ions  associated w i t h  us ing  and i n t e r p r e t i n g  b i o l o g i c a l  data. These a re  
genera l  gu ide l i nes  and caut ions - more s p e c i f i c  d e t a i l s  a r e  g iven l a t e r  i n  
t h i s  manual and i n  t h e  Ohio EPA q u a l i t y  assurance manual (Ohld EPA 1987a). 

S l x  c r l t e r l a  t h a t  b i o l o g i c a l  mon i to r ing  programs should s a t l s f y  have been 
de f ined (Her r l cks  and Schaeffer 1985). 
€PA approach s a t l s f i e s  them are: 

These requirements and how the  Ohio 

1. 

2. 

3. 

4 .  

5. 

6. 

The measures used must be b i o l o q i c a l :  The I B I ,  modi f ied  Iwb, and IC1 
a r e  based so ley on b l o l o g l c a l  cornun i ty  a t t r i b u t e s .  

The measures must be i n t e r p r e t a b l e  a t  severa l  t roph ic  l eve l s  or p rov ide  a 
connect ion t o  o ther  orqanisms n o t  d i r e c t l y  invo lved l n  the  moni tor ing:  
The eco log i ca l  d i v e r s i t y  o f  each o f  the  th ree  i nd i ces  and the  i n c l u s i o n  o f  
tuo organism groups t h a t  have species which f u n c t i o n  a t  d i f f e r e n t  t roph ic  
l e v e l s  s a t i s f i e s  t h i s  requirement. 

The measure must be s e n s i t i v e  t o  the  environmental cond i t ions  be ing  
monitored: The I n h e r e n t l y  "broad" a b i l i t y  o f  f i s h  and macroinvertebrates 
t o  r e f l e c t  and i n t e g r a t e  a wide v a r i e t y  o f  environmental stresses (see 
Ohio €PA 1987b; Table 2. Figures 1 and 5)  and t h e  "redundancy" o f  the  I B I  
and I C 1  me t r i cs  themselves s a t i s f y  t h i s  requirement. 

The response ranqe (1.e. s e n s i t i v i t y )  o f  the  measure must be s u i t a b l e  f o r  
t h e  In tended a p p l l c a t i o n :  The b i o l o g i c a l  i nd l ces  and organism groups used 
by Ohio €PA have been demonstrated t o  have a h i g h  degree o f  s e n s l t i v l t y  t o  
even small ,  s u b t l e  changes i n  t h e  environment and a wide v a r i e t y  o f  
envlronmental d is tu rbance types (Ohio €PA 1987b). One example i s  the  
a b i l i t y  t o  d i sce rn  comnunity d i f f e rences  between streams o f  the  same use 
designa t i o n .  

The measure must be reproduc ib le  and p rec i se  w i t h i n  de f ined and acceptable 
l i m i t s  f o r  data c o l l e c t e d  over space and time: Both the  f i s h  and 
macro inver tebra te  sampling methods and eva lua t ion  i nd i ces  have been shown 
t o  have cons is ten t ,  reproduc ib le  expectat ions w i t h i n  acceptable l i m i t s  
(Appendices 8-0). C a r e f u l l y  f o l l o w i n g  prescr ibed f i e l d  and labo ra to ry  
methods I s  a p r e r e q u l s l t e  t o  meeting t h i s  requirement. 

V a r i a b i l l t v  o f  t h e  measure(s) must be low: The v a r i a b i l i t y  inherent  t o  
each o f  t h e  th ree  b i o l o g i c a l  i nd i ces  being proposed has been shown t o  be 
q u i t e  low and w i th in  acceptable l l m i t s  a t  r e l a t i v e l y  undis turbed s i t e s .  
V a r i a t i o n  between samples c l e a r l y  Increases w i t h  envlronmental d is turbance 
(Appendices 6-0). 
n a t u r e  o f  v a r l a b i l i t y  t h a t  may come f rom sampling frequency o r  seasonal 
i n f l uences .  

S a t l s f y i n q  t h i s  requirement Invo lves  understanding the 

Kar r  
these c r i t e r i a  and found t h a t  i t  s a t i s f i e d  the  s i x  requirements. The use o f  
two a d d l t i o n a l  i n d i c e s  and one a d d i t i o n a l  organism group by Ohio EPA f u r t h e r  
s a t i s f i e s  these demands. Several o f  these requirements, p a r t i c u l a r l y  numbers 
5 and 6. a r e  addressed l a t e r  i n  t h i s  manual. 

a. (1986) evaluated the  a p p l i c a b i l i t y  o f  t he  I B I  based on f i s h  t o  
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The cho ice  of b o t h , f l s h  and macro inver tebrates as the  r o u t i n e  organism groups 
t o  mon i to r  was made because bo th  groups have been w ide ly  used I n  w a t e r  
p o l l u t i o n  i n v e s t i g a t i o n s  and the re  i s  an abundance o f  I n fo rma t ion  concerning 
t h e i r  l i f e  h i s t o r y ,  d i s t r i b u t i o n ,  and environmental  to le rances .  The need t o  
use bo th  groups I s  apparent i n  t h e  eco log i ca l  d i f f e r e n c e s  between them, 
d l f f e r e n c e s  t h a t  tend t o  be complementary i n  an environmental  eva lua t ion .  The 
va lue  o f  hav ing bo th  groups showing the  same general  i n d i c a t i o n  (1.e. 
c o n f i r m a t i o n )  I s  impor tan t .  Apparent d i f f e r e n c e s  i n  the  responses of these 
two groups has u s u a l l y  l e d  t o  the  d e f i n i t i o n  of problems which would have gone 
unnot iced  o r  unresolved i n  the  absence o f  i n fo rma t ion  f rom e i t h e r  organism 
group. 

. 
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SECTION 2: DEFINING BACKGROUND CONDITIONS 

I n  order t o  e s t a b l i s h  b l o l o g i c a l  c r i t e r i a  t h a t  a r e  r e f l e c t i v e  o f  the  
l e g i s l a t i v e  goa l  o f  a t t a i n i n g  b i o l o g i c a l  i n t e g r i t y  i n  sur face waters a 
m c a l i b r a t i o n m  o f  t h e  methods used t o  e s t a b l i s h  the  c r i t e r i a  i s  needed. The 
p r a c t i c a l  d e f i n i t i o n  o f  b i o l o g i c a l  i n t e g r i t y  as t h e  b i o l o g i c a l  performance 
e x h i b i t e d  by the  n a t u r a l  o r  "east Impacted" h a b i t a t s  o f  a p a r t i c u l a r  reg ion  
prov ides the under l y ing  bas is  f o r  a sampling des ign t o - p r o v i d e  such 
in fo rmat ion .  I t  should be noted t h a t  t h i s  i s  n o t  an at tempt  t o  cha rac te r l ze  
m p r i s t i n e m  o r  t o t a l l y  und is tu rbed environmental cond i t i ons  as such cond i t i ons  
e x i s t  i n  on ly  a very  few p laces I f  a t  a l l  (Hughes e t  a l .  1982). Thus our 
expectat ions o f  how a b i o l o g i c a l  co rnun i t y  should per form a r e  determined by 
the  demonstrated a t t a i n a b i l i t y  o f  n a t u r a l  comnunit ies a t  " l e a s t  impacted" o r  
re fe rence s i t e s  w i th in  a p a r t i c u l a r  b iogeographica l  reg ion .  

Ecoregion Concept 

The s e l e c t i o n  o f  c o n t r o l  o r  re fe rence s i t e s  f rom which a t t a i n a b l e  b i o l o g i c a l  
cond i t i ons  can be de f i ned  i s  a key component I n  e s t a b l i s h i n g  b i o l o g i c a l  
c r i t e r i a .  Hughes e t  a l .  (1986) descr ibed a t  l e a s t  seven d i f f e r e n t  approaches 
t h a t  have been used t o  es t imate  a t t a i n a b l e  b i o l o q i c q l  cond i t i ons  i n  sur face 
waters.  Two o f  these i n c l u d e  t h e  use of fo res ted  watershed models (Vannote et - a l .  1980) and the  c l a s s i c  upstream-downstream approach. Some problems w i t h  
these approaches i n c l u d e  too  narrow o f  a focus (e.9. f o res ted  watersheds), 
s e l e c t i o n  o f  unrepresenta t ive  c o n t r o l  s i t e s ,  o r  a sub jec t i ve  s e l e c t i o n  o f  
c o n t r o l  s i t e s .  I n  some s i t u a t i o n s  adequate c o n t r o l  s i t e s  s imply do n o t  
e x i s t .  I d e a l l y ,  re fe rence s i t e s  f o r  es t ima t ing  a t t a i n a b l e  b i o l o g l c a l  
cond i t i ons  should be as "und1sturbedg1 as poss ib le  and be rep resen ta t i ve  o f  the  
watershed f o r  which they a r e  t o  serve as a c o n t r o l .  
re ferences f o r  a l a r g e  number o f  streams i f  the  s i t e s  t y p i f y  the  range o f  
phys i ca l  c h a r a c t e r i s t i c s  w i th in  a p a r t i c u l a r  geographical  reg ion  (Hughes 
- a l .  1986). Whi le i t  I s  recognized t h a t  a l l  I n d i v i d u a l  water bodies d i f f e r  t o  
some degree f rom each o ther ,  t he  bas i s  f o r  having reg iona l  re ference s i t e s  i s  
the  s i m i l a r i t y  o f  watersheds w i t h i n  de f i ned  geographical  reg ions.  General ly 
l ess  v a r i a b i l i t y  i s  expected among sur face  waters w i t h i n  a p a r t i c u l a r  r e g i o n )  
than between reg ions.  Th is  I s  because sur face waters, p a r t i c u l a r l y  streams, 
d e r i v e  t h e i r  bas ic  c h a r a c t e r i s t i c s  f rom t h e i r  watersheds. 
d r a i n i n g  comparable watersheds o f  a reg ion  a r e  much more l i k e l y  t o  be s i m i l a r  
than those f rom l e s s  comparable watersheds loca ted  i n  a d i f f e r e n t  reg ion.  

Such s i t e s  can serve as 

Thus streams 

I n  order  t o  accompl ish the  s e l e c t i o n  o f  re fe rence s i t e s  i t  was f i r s t  necessary 
t o  d e f i n e  mecoreqionsa w i th in  the  s ta te .  
homogenous area where t h e  boundaries o f  severa l  key geographic va r iab les  more 
o r  l ess  co inc ide  (Hughes e t  a l .  1986). The d e l i n e a t i o n  o f  ecoregions i s  
accomplished by s imul taneously  examining pa t te rns  i n  the  r e l a t i v e  homogeneity 
o f  severa l  t e r r e s t r i a l  va r iab les  (Omernik 1987). Th is  i s  done because severa l  
watershed va r iab les ,  n o t  j u s t  one o r  two, a r e  presumed t o  have major and 
c o n t r o l l i n g  i n f l uences  on aquatlc'ecosystems (Hughes et a. 1986). 

An ecoregion i s  a r e l a t i v e l y  

2-1 
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Omernik (1987) mapped the  aquat ic  ecoregions o f  t he  conterminous Uni ted States 
f rom maps o f  land-sur face form, s o i l s ,  p o t e n t i a l  n a t u r a l  vegetat lon,  and land 
use. 
homogeneity. T h i s  method seems most appropr ia te  f o r  c l a s s i f y i n g  aquat ic  
ecoregions because o f  t he  i n t e g r a t i v e  eco log i ca l  (versus techno log ica l  and 
r e d u c t i o n i s t )  way i t  was developed, i t s  l e v e l  o f  r e s o l u t i o n ,  i t s  i nco rpo ra t i on  
o f  mapped phys ica l ,  chemlcal, and b i o l o g i c a l  In fo rmat ion ,  and because i t  
r e q u i r e s  no f u r t h e r  data c o l l e c t i o n  (Hughes a. 1986). 

These maps were then analyzed t o  i d e n t i f y  areas o f  combined, reg iona l  

Ecoregions p rov ide  a geographical  bas is  f o r  es t ima t ing  ecosystem responses t o  
management a c t i o n  assuming t h a t  most s i t e s  w l t h i n  each w l l l  respond s i m i l a r l y  
t o  those ac t i ons  ( B a i l e y  1983). I n  us ing  the  ecoregion/reference s i t e  
approach the  re fe rence s i t e s  serve as benchmarks f o r  measuring the  c o n d i t i o n  
o f  o the r  s i t e s  w i t h i n  the  same ecoreglon. 
develop expec ta t ions  about sur face waters t h a t  a r e  as p r o t e c t i v e  of the  
environment as i s  e c o l o g i c a l l y  and socioeconomical ly poss ib le .  This f i t s  w e l l  
w i t h  the  d e f i n i t i o n  o f  b i o l o g i c a l  i n t e g r i t y  as the eco log i ca l  performance o f  
t h e  l e a s t  d i s tu rbed  h a b i t a t s  w i t h i n  an ecoreglon. This  does n o t  mean t h a t  t he  
a t t a i n a b l e  cond i t i ons  w l t h i n  an ecoregion cannot Improve over t ime w i t h  
changes i n  popu la t ion ,  land  use, progress w i t h  nonpoint  p o l l u t i o n  abatement, 
e t c .  However, I t  does r e f l e c t  what i s  c u r r e n t l y  and,reasonably a t t a i n a b l e  
g i v e n  c u r r e n t  s o c i e t a l  a c t i v i t i e s .  

Thus re fe rence s i t e s  a re  used t o  

I n  Ohio p a r t s  o f  f i v e  ecoregions occur (F ig .  2-1) and t h e  d i s t i n g u i s h i n g  
fea tu res  o f  each a r e  g iven i n  Table 2-1. A d e t a i l e d  n a r r a t i v e  d e s c r i p t i o n  of 
these ecoreglo'ns i s  a v a i l a b l e  I n  W h i t t i e r  g& a. (1987). 

C r i t e r i a  f o r  Se lec t i nq  Reference S i t e s  

The process o f  s e l e c t i n g  watersheds and re fe rence s i t e s  I s  o u t l i n e d  i n  Larsen 
- e t  a. (1986) and W h i t t i e r  e t  a l .  (1987). Whi le the  1983-84 Stream 
R e g i o n a l i z a t i o n  P r o j e c t  (SRP) focused on watersheds w i t h  drainage areas of 
10-300 square m i l e s  these were supplemented w i th  a d d i t i o n a l  data f rom s l t e s  
sampled f rom 1981-1986. 
300-6000 square m i l e s  were a l s o  se lec ted  f rom the  Ohio EPA data base 
(1979-1986). These l a t t e r  s i t e s  i nc lude  t h e  l a r g e r  streams and r i v e r s  f r o m  
across  t h e  s ta te .  The l a k e  l e v e l  a f f e c t e d  sec t ions  o f  Lake E r l e  t r i b u t a r i e s ,  
t h e  Ohio R iver ,  and i n l a n d  lakes and r e s e r v o i r s  a r e  n o t  inc luded i n  the  
c u r r e n t  ana lys i s .  
t o  t h r e e  years. 

Reference s i t e s  f rom l o c a t i o n s  w i t h  drainage areas o f  

However, we p l a n  t o  address these areas w i t h i n  the  next  two 

The SRP study des ign (Larsen g& a. 1986; W h i t t i e r  e t ' a l .  1987) was i n i t i a l l y  
l i m i t e d  t o  watersheds o f  l e s s  than 300 square m i l e s  drainage area. Candidate 
watersheds were g e n e r a l l y  conta ined e n t l r e l y  w i th in  an ecoregion, bu t  se lec ted  
gcross-boundary" streams were inc luded f o r  comparison. Watersheds w i t h  
ev idence o f  s u b s t a n t i a l  human d is tu rbance were e l im ina ted .  Thls  was done by 
examin ing maps o f  human popu la t i on  dens i ty ,  c u r r e n t  and pas t  land  uses, 
c o m p i l i n g  a watershed d is tu rbance rank ing,  and n o t i n g  the  s i z e  and l o c a t i o n  o f  
p o i n t  source discharges. From t h i s  exerc ise  mleast - lmpactedn Watersheds were 
se lec ted .  These a r e  n o t  ' p r i s t i n e "  o r  "undis turbedu watersheds (none r e a l l y  

2-2 
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F l g u r e  2-1. The ecoreglons of Ohlo as determlned by 
methodologies developed by Omernlk (1987) 
and used t o  e s t a b l l s h  a t t a l n a b l e  
b l o l o g l c a l  c r l t e r l a  I n  Ohlo (broken l l n e  , 

and l l g h t  shadlng i n d l c a t e s  ecoreglon 
boundaries).  

2-3 

DCOREGION 

Eastern cbm Belt Plains 
Rumn/Erie Iake P l a i n  
Erie/Ontario Iake P l a i n  
Westem Allegheqy P l a t e a c  
Interior Plateau 
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T a b l e  2-1. The p h y s l c a l  and t e r r e s t r l a l  c h a r a c t e r l s t l c s  o f  t h e  f i v e  
ecoreglons o f  Ohlo. 

Huron/Er i e Inter i or Erie/Ontario Western Alle- Eastern Corn 

(Northwest) (S. West) (Northeast) (E./S. East) (Y./CentraI) 
-nt Lake Plain PI ateau Lake Plain gheny Plateau B e l t  Plains 

HELP IP EOCP YAP ECBP 

Land Surface 

(HaaoDlld 1970) 
Fom 

Fla t  plains Plains w i t h  
h i l l s ,  open 
hi I Is, table- 
lands with 
roderate r e l i e f  

Land Use Crop1 and 
(krderson l%7) 

Potential htur- 
a1 Vegetation 
(Kudrler 1970) 

Mosaic o f  
cropland, pas- 
ture, roodland 
and forest 

Hunic-gley law UdaIfs/uduIts 
humic gley, gray 
brow podzol id 
humic gley 

E ldash forest W h i c k o r y  
forest 

Irrbgular plains Law t o  high h i l l s  

Cropland wi)h, 
pasture, d- 
land, forest, 
and urban 

Al f  isols 

Beedr/aap I e 
northern hard- 
woods (maple, 
birch, beech, 
h e m l d )  

Woodland, forest 
with tam crop- 
land and pasture; 
woodland, forest 
aostly ungrazed 

A l f  isols 

Mixed msophytic 
forest (map le, 
buckeye, . .  beech, 

Smooth plains 

Crop I and 

Alf isols, gray- 
brown podzo 
huaic gley 

tu l ip ,  oak; linden), 
Appalachian osk 

Beech/wp I e 
forest 

i c/ 
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e x i s t  i n  Ohio), b u t  they do represent  the  best  watershed cond i t i ons  w i t h i n  an 
ecoreglon g iven the  background a c t i v i t l e s  p reva len t  i n  our soc ie ty  (see 
Trautman 1981 f o r  a d e s c r i p t i o n  o f  changes du r ing  the pe r iod  1750 - present ) .  
These watersheds represent  t h e  least- impacted cond i t i ons  thus they should have 
t h e  least - impacted streams f rom an ecoregional  v iewpoint .  The character  o f  
these streams should r e f l e c t  t he  reasonably a t t a i n a b l e  b i o l o g i c a l  cond i t i ons  
and water q u a l i t y  w i t h i n  a p a r t i c u l a r  ecoregion g iven t h e  p r e v a i l i n g  
background cond i t i ons .  

F i n a l  SRP s i t e  s e l e c t i o n  was made a f t e r  making an a e r i a l  and l o c a l  
reconnaissance o f  each candidate s i t e  and watershed. Factors  considered i n  
t h i s  i n s p e c t i o n  inc luded the  amount o f  stream channel m o d i f i c a t i o n  ( i f  any),  
t h e  c o n d i t i o n  o f  t h e  vegeta t ive  r i p a r i a n  b u f f e r ,  water volume, channel 
morphology, subs t ra te  charac ter  and cond i t i on ,  obvlous co lor /odor  problems, 
amount o f  woody debr is ,  and the  general  " representat iveness"  o f  the s i t e  
w i t h i n  the  ecoregion. F i e l d  sampling was conducted f o r  macro inver tebrates,  
f i s h ,  and chemlcal /phys lca l  water q u a l i t y  a t  109 s i t e s  du r ing  1983-84 
f o l l o w i n g  Ohio EPA s tandard ized methods (Ohio EPA 1987a). De ta i l ed  
d e s c r i p t i o n s  o f  t h e  ins t ream h a b i t a t  were made by the  b l o l o g l c a l  f i e l d  crews. 
Chemical water q u a l i t y  data were a l s o  co l l ec ted ;  t h e  r e s u l t s  a re  descr ibed 
elsewhere (Larsen and Dudley 1987; W h i t t i e r  e t  a l .  1987): 

Fo l low ing  the  f i e l d  sampling p o r t i o n  o f  t he  p r o j e c t  severa l  s i t e s  were  de le ted  
because watershed and stream c h a r a c t e r i s t i c s  were discovered t h a t  showed these 
s i t e s  t o  be unrepresenta t ive  o f  least- impacted cond i t ions .  These are  l i s t e d  
I n  Appendix A.  Complete avoidance o f  smal l  stream (1.e. dra inage areas less  
than 300 square m i l e s )  s i t e s  w i t h  any h i s t o r y  o f  channel m o d i f i c a t i o n  was n o t  
poss ib le  i n  the  Huron/Er ie Lake P l a i n  ecoregion because o f  the  ex tens ive  
stream channel m o d i f i c a t i o n  work t h a t  has been done i n  t h l s  area. Given the  
amount o f  t he  land sur face  t h a t  i s  devoted t o  row crop a g r i c u l t u r e  coupled 
w i t h  t he  poor dra inage C h a r a c t e r i s t i c s  o f  t h l s  ecoregion, t h i s  c o n d i t i o n  cou ld  
arguably  be termed a "background" c o n d i t i o n  f o r  t he  smal l  streams o f  t h i s  
ecoregion. This  p a r t i c u l a r  problem i s  descr ibed i n  more d e t a i l  i n  Sect ion 6. 
An examinat ion o f  t h e  e n t i r e  Ohio EPA s ta tewide data base (1979-1986) r e s u l t e d  
i n  the  a d d i t i o n  o f  n e a r l y  200 s i t e s  t h a t  a l s o  q u a l i f l e d  as reference s i t e s .  

1981-1986. 
2-2 and 2-3. 

Host o f  the  added s i t e s  l ess  than 300 square m i les  I n  s i z e  were sampled du r ing  / 
The l o c a t i o n  o f  f i s h  and macro inver tebrate s i t e s  appear i n  F igs.  

Large stream and r i v e r  s i t e s  were a l s o  se lec ted  and inc luded sampling 
conducted s ince  1980 f o r  f i s h  and 1981 f o r  macro inver tebrates.  The o r i g i n a l  
SRP study des ign d i d  n o t  i nc lude  these areas. .The c r i t e r i a  f o r  choosing l a r g e  
stream and r i v e r  re fe rence s i t e s  was b a s i c a l l y  t h e  same as t h e  SRP study 
design, except t h a t  us ing  some s i t e s  loca ted  downstream f rom urban centers  and 
p o i n t  sources cou ld  n o t  be completely avoided. These consis ted o f  s i t e s  
l oca ted  w e l l  downstream f rom these p o t e n t i a l  d is turbances and below known 
b i o l o g i c a l  recovery po in ts .  No s i t e s  i n b d i r e c t  p r o x i m i t y  t o  any p o i n t  sources 
o r  w i t h i n  impounded o r  ex tens i ve l y  mod i f ied  areas w e r e  used. 

2-5 
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ECBP 

W w western Allegheny P l a m  
Ip Interior Plateau 

F i g u r e  2-2. Loca t ion  o f  Ohio re fe rence s i t e s  f o r  f i s h  
w i th in  each o f  t h e  f i v e  ecoregions and 
t h e  t h r e e  p r i n c i p a l  stream and r i v e r  
s i zes  (termed boat, methods, wading s i t e s ,  
and headwaters s i t e s  - each a re  i n d i c a t e d  
by d i f f e r e n t  symbols; dashed l i n e s  and 
shading I n d i c a t e s  ecoregion boundaries). 

MmmD 

A b a t  
0 wading 
A Headwaters 

w m a  
m l L I 8  

2-6 



r- Doc. 001 6e/0382E Users Manual 
October 30, 1987 BBBmoq 

Procedure No. WOHA-SWS-6 Date lssued 11/02/87 
Revlslon No. 1 E f fec t lve  11/02/87 

ECBP 

Flgure 2-3. Location of Ohlo reference s l tes  for  
macroinvertebrates u l t h l n  each of the 
f i v e  ecoreqlons and the pr lnc lpa l  
co l lec t lon  methods ( a r t l f l c l a l  
substrates s l tes  only; dashed l lnes  and 
shadlng lndlcates ecoreglon boundaries). 

.. 

0 Artificial Substrate 

2-7 



Doc. 0047e/0000e 

Supplement t o  F lgs .  

OHIO R I V E R  BASIN 

1. Wabash R. 

2. Great Mlaml R .  
a. Beaver C r .  

a. Whltewater R.  
b. I n d i a n  C r .  
c. Four M l l e  C r .  
d. Sevenmile C r .  
e. T w l n  C r .  
f .  Mad R.  
g -  Buck C r .  
h. S t l l l w a t e r  R .  
1. G r e e n v l l l e  C r .  
3 .  Loramle C r .  

3. M l l l  C r .  
4. L i t t l e  Mlaml R. 

a. East  Fork 
b. Todd Fork 
c .  Ceasar C r .  

5 .  Whlteoak C r .  
6.  Eagle C r .  
7 .  Ohlo Brush C r .  

a. West Fork 
8. S c l o t o  R. 

a.  S c l o t o  Brush C r .  
b. South Fork 
c. Sun f i sh  C r .  
d. S a l t  C r .  
e. L l t t l e  S a l t  C r .  
f .  Midd le  Fork 
g. P a l n t  C r .  
h. Nor th  Fork 
1. Rocky Fork 
3 .  Rat t lesnake C r .  
k. Deer C r .  
1. B ig  Darby C r .  
m. L l t t l e  Darby C r .  
n. Walnut C r .  
0 .  Big Walnut C r .  
p. Alum C r .  
q. Olentangy R. 
r. Whetstone C r .  
s. M l l l  C r .  
t. L l t t l e  Sc lo to  R.  
u. Rush C r .  

9. L i t t l e  Sc lo to  R. 
10. Pine C r .  
71.  Symes C r .  
12 .  Raccoon C r .  

OQuQ&$@lng C r .  
a. L. Raccoon C r .  
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2-2 and 2-3. Major Ohio streams and r l v e r s  (2100 sq .  
m l .  dralnage area).  

14. Shade R .  
15. Hocking R. 

a. Federal  C r .  
b. Sunday C r .  
c. Monday C r .  
d. Rush C r .  

16. L l t t l e  Hocklng R .  
17 .  Muskingum R .  

a. Wolf C r .  
b. West Branch 
c .  Meigs C r .  
d. S a l t  C r .  
e. Moxahala C r .  
f .  Jonathan C r .  
g. L i c k i n g  R. 
h. Nor th  Fork 
l., South Fork 
3 .  Raccoon C r .  
k .  Wakatomlka Cr. 
1. W i l l s  C r .  
m. S a l t  Fork 
n. Seneca Fork 

18.  Walhondlng R .  
a. K l l l b u c k  C r .  
b. Kokoslng R. 
c. Mohlcan R. 
d. Lake Fork 
e. Muddy Fork 
f .  Jerome Fork 
g. Black Fork 
h. Clear  Fork 

19. Tuscarawas R. 
a. S t i l l w a t e r  C r .  
b. L. S t l l l w a t e r  C r  
c. Sugar C r .  
d. South Fork 
e. Conotton C r .  
f .  Sandy C r .  
g. N i m l s h l l l e n  C r .  
h. Chlppewa C r .  

a. West Fork 
b. East Fork 

20. Duck C r .  

21. L l t t l e  Muskingum R. 
22. Sunf ish  C r .  
23. Capt lna C r .  
24. Wheeling C r .  
25. Shor t  C r .  
26. Cross C r .  
27. Yel low C r .  
28. L l t t l e  Beaver C r .  

a. Nor th  Fork 

. 

b. West Fork 
c. Middle Fork 

29. Pymatunlng Cr. ;  
3 0 .  Mahonlng R .  

a. Mosqulto Cr. 
b. Eagle C r .  
c. West Branch 

LAKE E R I E  BASIN 

31. 
32. 
33. 

34. 
35. 
36. 

37. 

38. 
39. 

40. 

41. 
42 .  

43. 
44  * 

Conneaut C r .  
Ashtabula R .  
Grand R .  
a. M i l l  C r .  
Chagrln R. 
Cuyahoga R .  
Rocky R .  
a. West Branch 
Black R. 
a. West Branch 
b. East Branch 
Vermi l ion  R. 
Huron R. 
a. West Branch 
Sandusky R. 
a. Wolf C r .  
b. Honey C r .  
c .  Tymochtee C r .  
Muddy C r .  
Portage R. 
a. South Branch 
b. Middle Branch 
Toussaint  C r .  
Maumee R . 
a. Swan C r .  
b. Beaver C r .  
c. Cuto f f  D l t c h  
d. S. Turkeyfoot  
e. Augla lze R. 
f .  Blue C r .  
9. L. Augla lze R .  
h. P r a l r e  C r .  
1. Middle C r .  
3 .  Blanchard R. 
k. Ottawa R .  
1. T i f f i n  R. 
m. L l c k  Cr. 
n. Bean Cr. 
0 .  S t .  Marys R .  
p .  S t .  Joseph R .  
q. Ottawa R .  

C r  
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SECTION 3: FIELD METHODS AND DATA ANALYSIS REQUIREMENTS 

General Guidel ines 

The purpose o f  t h i s  s e c t i o n  I s  t o  descr ibe  the  f i e l d  methods and data ana lys i s  
techniques t h a t  a r e  requ i red  t o  use t h e  b i o l o g l c a l  c r i t e r i a  f o r  t he  purposes 
o f  t h e  Ohio Water Q u a l i t y  Standards (WCJS). Standardized methods and data 
ana lys ts  techniques a r e  a c r i t i c a l  requirement and ensure t h e  comparab i l i t y  of 
r e s u l t s  f rom s i t e  t o  s i t e .  Some bas ic  problems i n  sampling aquat ic  b i o t a  and 
us ing  b i o l o g i c a l  da ta  t h a t  can a f f e c t  the  a p p l i c a b i l i t y  and accuracy o f  the  
r e s u l t s  a re  s u m r i z e d ,  as fo l l ows :  

The purpose f o r  which data were c o l l e c t e d  i s  e s p e c i a l l y  impor tant  when the  
use o f  " e x i s t i n g "  da ta  i s  be ing contemplated. B i o l o g i c a l  samples t h a t  
were c o l l e c t e d  f o r  t he  purposes o f  determin ing the  presence/absence o f  
species and/or taxa on ly  w i l l  have l i t t l e  va lue f o r  t he  purposes o f  the 
b i o l o g i c a l  c r i t e r i a .  Th is  I s  e s p e c i a l l y  t r u e  i f  r e l a t i v e  abundance data 
(which i n  i t s e l f  Imp l i es  s tandard i za t i on  o f  sampling e f f o r t )  i s  lack ing .  

" P a r t i a l "  c o l l e c t i o n s  w i l l  n o t  s u f f l c e  because t h e  Index o f  B i o t i c  
I n t e g r i t y  ( I B I ) ,  H o d i f i e d  Index o f  Well-Being ( I & ) ,  and t h e  
I n v e r t e b r a t e  Comnunity Index ( I C I )  r e q u i r e  as complete a breakdown o f  t h e  
co rnun i t y  as i s  p o s s i b l e  w i t h  the  methods used. S p e c i f i c  requirements a re  
discussed l a t e r .  I u 

. 

Sampling gear and water cond i t i ons  a f f e c t  sampling e f fec t l veness  and 
u l t l m a t e l y  da ta  a n a l y s i s  and i n t e r p r e t a t i o n .  S p e c i f i c  f i s h  and 

WQS. Appropr la te .da ta  c o l l e c t i o n  cond i t i ons  are  a l s o  impor tant .  
, <  . macro lnver tebra te  sampling gear a re  requ i red  f o r  conformance t o  the  Ohio . I  

Appropr ia te taxonomic ref inement  i s  impor tant ,  p a r t i c u l a r l y  f o r  
macro inver tebrates,  as "lumping" of species and taxa i n t o  l a r g e r  groups 
makes the data unusable f o r  the purposes o f  the  b i o l o g i c a l  i nd i ces .  

Sampling s i t e s  must be rep resen ta t i ve  o f  t he  sur face water be ing sampled. 
For example, l o c a l i z e d  areas o f  impoundment, "b r idge e f f e c t "  areas., e t c .  
should be avoided I f  t h e  stream o r  r i v e r  I s  predominant ly f ree - f l ow ing .  

Persons us ing  the  b i o l o g i c a l  c r i t e r i a  approach should be aware o f  these bas ic  
problems and take  steps t o  ensure t h a t  study design, sampling methods, and 
da ta  a n a l y s i s  conform t o  the  procedures o u t l i n e d  by o r  re fe red  t o  i n  t h i s  
manual. F i n a l l y ,  t h e  methods and techniques descr ibed here r e q u i r e  t h e  
Involvement o f  a t r a i n e d  b i o l o g i s t  who i s  f a m i l i a r  w i t h  the  f i e l d  methods, 
l abo ra to ry  techniques, da ta  analyses, and the  l o c a l  fauna. 
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F i s h  Samplinq Methods S u m r y  

The f i s h  sampling methods r o u t i n e l y  used by Ohio EPA a re  sumnarized I n  Table 
3-1. D e t a i l e d  d e s c r i p t i o n s  o f  these and o ther  f i s h  sampling gear and methods 
a r e  a v a i l a b l e  I n  Ohio €PA (1987a). The wading methods (sampler types D,  E, 
and F )  were developed by Ohio €PA. Boat methods (sampler type  A) a re  based 
p r i m a r i l y  on t h e  work o f  Gamnon (1973, 1976) on the  Wabash River  ( Ind iana)  and 
t h e  exper ience o f  t h e  Ohio EPA. U n l i k e  o ther  b i o l o g i c a l  mon i to r i ng  
d l s c i p l l n e s ,  s u r p r i s i n g l y  l i t t l e  standardized guidance i s  a v a l l a b l e  f rom s t a t e  
o r  f e d e r a l  agencies regard ing  appropr ta te  methods. Therefore, 0hlo.EPA has 
used what can be considered a s ta te -o f - the -a r t  approach i n  the  development o f  
standardized, systemat ic methods f o r  sampling f i s h  i n  r i v e r s  and streams. The 
requirements f o r  a l l  aspects (sampl ing frequency and dura t ion ,  r e l a t i v e  
e f f o r t ,  e tc . )  o f  t he  f i s h  sampling program a re  based on e i g h t  years o f  
p r a c t i c a l  a p p l i c a t i o n  i n  Ohio. On-going Ohio EPA mon i to r i ng  programs have 
been designed t o  address f i s h  sampling methods, gear s e l e c t i v i t y ,  and sampling 
des ign.  

I t  i s  apparent f rom the  l i t e r a t u r e  (e.g. Vincent 1971; Gamnon 1973, 1976; 
Novotny and P r i e g e l  1974) and our own exper ience t h a t  pulsed DC e l e c t r o f i s h i n g  
i s  t h e  most comprehensive and e f f e c t i v e  s l n q l e  method f o r  c o l l e c t i n g  r i v e r  and 
s t ream f i s h e s  t h a t  I s  c u r r e n t l y  a v a l l a b l e .  C e r t a i n l y  a survey t h a t  employs a 
number o f  d i f f e r e n t  gear types w i l l  l i k e l y  y i e l d  more species than any one 
s i n g l e  method. Such surveys, however, a r e  more c o s t l y  and t ime consuming and 
do n o t  generate equ iva len t  i n f o r m a t i o n  per  u n i t  o f  e f f o r t .  Ganmon (1976) 
emphasized t h i s  p o i n t  when I t  was observed t h a t  one day o f  e l e c t r o f i s h l n g  was 
equal  t o  20-25 hoop-net days and inc luded a much broader representa t ion  of the  
f l s h  conmunity. Ue have opted t o  use a sampling s t ra tegy  t h a t  emphasizes 
methods designed t o  o b t a i n  a rep resen ta t i ve  sample o f  t he  f i s h  comnunity a t  a 
p a r t i c u l a r  s i t e .  T h i s  means t h a t  each s i t e  is sampled w i t h  an appropr ia te  
method (1.e. wading methods and boat  methods) i n  a cons is ten t  and reproduc ib le  
manner. 
spec ies a t  a s i t e ,  sample s izes  l a r g e  enough t o  pe rm i t  comparisons between 
s i t e s  a r e  obta ined.  This  i s  p a r t i c u l a r l y  t r u e  o f  t he  boat methods used t o  
sample the  l a r g e r  streams and r i v e r s .  Th ls  i s  somewhat I n  c o n t r a s t  t o  the  
l a b o r  i n t e n s i v e  " i nven to ry "  sampling procedures advocated by Karr  e t  a l .  
(1986) and o thers  f o r  these h a b i t a t s .  

Q u a n t i t a t i v e  da ta  i nc ludes  r e p e t i t i v e  sampling based on d is tance ( r a t h e r  than 
t ime) ,  weighing i n d i v i d u a l  f i s h  (mod i f ied  Iwb on ly ) ,  count ing  numbers by 
each species, and reco rd ing  e x t e r n a l  anomalies. Two o r  t h ree  passes (on 
d i f f e r e n t  dates)  through each sampling zone a re  necessary t o  generate r e l i a b l e  
c a t c h  da ta  as s p e c i f i e d  by Ganmon (1976) and Ohio EPA (1987a). The c o l l e c t i o n  
o f  biomass da ta  i s  necessary f o r  us ing  t h e  mod i f ied  I w b  ( r e s t r i c t e d  t o  s i t e s  
>20 sq. m i . ) .  We have found t h a t  us ing  bo th  t h e  IBI  and Iwb prov ides 
r igorous assessment, p a r t i c u l a r l y  where the  eva lua t i on  inc ludes  use 
des igna t ions  o the r  than Warmwater H a b i t a t  ( U U H ) ,  complex environmental  impacts 
( t o x i c s ,  combined sewers, m u l t i p l e  In f luences) ,  and i n  l a r g e r  streams and 
t l v e r s .  Kar r  e t  a i .  (1986) c i t e  the  need f o r  biomass data as being a drawback 
t o  us ing  the  I d .  However, we have found t h a t  subsampling techniques no t  

Al though t h i s  approach may n o t  y i e l d  a complete i nven to ry  o f  a l l  

3- 2 
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Table 3-1. Characteristics of electrofishing sampling methods most frequently 
used by the Ohio EPA to sample fish comunitles (see Ohio EPA 1987a 
for further details). 

Sampler Type 

A D or E f 

6ea r 
Used : 

Power 
I Source: 

Current 
Type : 

Wattage: 
(AC Power 
Source ) 

Volts: 
(DC Output) 

Amperage : 
(Output) 

Anode 
Location : 

Di s tance 
Samp 1 ed 
(km) : 

Sampling 
D t  rec tlon : 

Re 1 at1 ve 
Abundance: 

Stream 
Size : 

12'. .74', 
or 16' boat 

Smi th-Root Type 
V I - A  electrofishing 
unit or Smith-Root 
3.5 GPP generator/ 
pulsator unit 

Pulsed DC 

3500 

50-1 000 

4-1 1 

Front of boom 

0.50 

Downstream 

Based on 1 .O km 

Hoderate to large 
streams 6 rivers 

D:Sportyak (7.5' boat) Backpack 
E:Longline (100m 
extension cord) 

Model 1736 VDC T6J Hlchigan DNR 
qenerator/pulsator unlt battery pack 

% 

-7- ,y-' . 

--+. , -  

. :I 
~ 

unl t 

Pulsed DC . 
1750 

100-300 

2-i 

Net hoop 

0.20 

Upstream 

Based on 0.3 km 

Wadeable streams to 
headwater tributaries 

.. 
Pulsed DC 

.h 

12 V battery 
.& --. 

-* 1 '$. 

100 or 200 I.,.., 

7 - 5 - 2  

Net hoop 

0.15-0.20 

i . .'.--., : 
:,::$i>,>,;; I , . 

. .( - I, :: L'. . .. 
i,. 

Upstream 

Based on 0.3km 

Headwater 
tributaries 

- .  
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only reduce potential error (compared to weighlng each Individual fish), but 
add an Insignificant amount of time to overall sample processing. 
collectlon must be sorted and counted anyway thus weighing is a minor 
component of this effort. The subsampling and catch processing procedures are 
detailed elsewhere (Ohio €PA 1987a). 

Each 

Fish sampllng should generally take place between mld-June and late September 
and include two or three passes total. It may be necessary t o  conduct 
sampling outside of thls time period (May, early October), but certaln 
precautions should be taken to ensure data comparability. We prefer to limit 
this sampling to simple, small stream situations. Late fall, winter, and 
early sprlng sampling I s  discouraged because of the effect of cold 
temperatures on ramplIng efflciency and changes In fish dlstrlbution. If 
three passes are planned each Individual pass should be spaced at least three 
or four weeks apart. If only two passes are intended (recomnended for wadlng 
methods only) thls time should be five to six weeks. These requirements have 
been experimentally determined by repetitively sampllng at "test sites" for 
both boat and wadlng methods. Putting this time between passes allows the 
comnunlty to stabilize and recover from any temporary perturbations that may 
have been Induced by the sampllng. This Is particularly Important in the 
wadable streams. Restricting sampling to the sumner\season minlmlzes the 
influence of spring spawning or other seasonal occurrences. Additionally, 
environmental stresses are potentially at thelr height because controlling 
influences such as temperature and dissolved oxygen are nearest chronlc stress 
thresholds. 

The condition of the surface water being sampled Is another important item 
that affects electrofishlng. Since sampling efficiency is in part dependent 
o n  the ability of the sampler to see stunned flsh, two conditions need to be 
met. The first is that the netter(s) should wear polarized sunglasses to 
enhance the spotting of fish stunned beneath the surface. The second is that 
sampling should be performed during normal water clarlty and flow conditions. 
High flow and turbid water can reduce sampling effectiveness. 

Accurate identification of fish is essential and Is required to the species 
level at a minimum. Identification to the sub-specific level may be necessary 
In certain situations (e.g. banded killifish). Field identificatlons are 
acceptable, but laboratory vouchers will be required for any new locality 
records, new species, and those specimens that cannot be field identified. It 
is recormnended that specimens be retained for laboratory examination If there 
I s  any doubt about the correct identity of a flsh. The collection technlques 
used are not consistently effective for fish less than 15-20 mn In length 
therefore Identification and tncluslon in the sample is not recomnended. This 
follows the reasoning of Karr et al. (1986). .-I 

Study design and sampling site selection are discussed further In Section 8 
and Ohio €PA (1987a). 
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I Macroinvertebrate Methods Sunmary 

The primary sampllng gear used by the Ohio EPA for the quantitative collection 
of macroinvertebrates in streams and rivers I s  the modified multiple-plate 
artificial substrate sampler originally described by Hester and Dendy (1962). 
The sampler i s  constructed of 1/8 inch tempered hardboard cut Into three inch 
square plates and one inch square spacers. A total of eight plates and twelve 
spacers are used for each sampler. The plates and spacers are placed on a 1/4 
Inch eyebolt so that there are three single spaces, three double spaces, and 
one triple space between the plates (Figure 3-1). The total surface area of 
the sampler, excluding the eyebolt, i s  145.6 square inches or roughly one 
square foot. A routine monitoring sample consists of a composite of five 
substrates that are colonized Instream for a six week period normally falling 
between June 15 and September 30. Detailed descriptions of the placement, 
collection, and processing of the artificial substrates are available in Ohio 
€PA (1987a). In addition to the artificial substrate sample, routine 
monitoring also Includes a qualitative collection of macroinvertebrates that 
inhabit the natural substrates at the sampling location. All available 
habitat types are sampled and voucher specimens retained for laboratory 
identification. More specific information for the collection of this sample 
can also be found in Ohio EPA (1987a). For the purp’ose of generating an IC1 
value, both a quantitative and qualitative sample must be collected at a 
sampling location. 

A good source of information regarding the practical application of artificial 
substrates can be found in Cairns (1982). The use of artificial substrates 
for monitoring purposes has a number of advantages. According to Rosenberg 
and Resh (a Cairns, 1982) the major advantages in using artificial substrates 
are that they 1 )  allow collection of data from locations that cannot be 
sampled effectively by other means, 2) permit standardized sampling, 3) reduce 
variability compared with other types of sampling, 4) require less operator 
skill than other methods, 5) are convenient to use, and 6) permit 
nondestructive sampling of an environment. The authors also list a number of 
disadvantages, but, generally,.these problems can be minimized by adhering to 
strict guidelines concerning sampler placement, collection, and analysis. 

A composited set of five artificial substrate samplers has been used by the 
Ohio EPA in collecting macroinvertebrate samples since 1973. At this level of 
effort, it has been found that a consistent, reproducible sample can be 
collected. Results of analyzing replicate sets of five artificial substrates 
have shown that variability among calculated IC1 values i s  low. Details of 
that analysis can be found elsewhere In this document (Appendix 0). 

The reliability of the sampling unit not only depends on the fact that 
colonlzatlon surface areas are standard, but equally important are the actual 
physical conditions under which the units are placed. It i s  imperative that 
the artificial substrates be located in a consistent fashion with particular 
emphasis on current velocity over the set. With the exception of water 

I 
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Flqute 3-1. Modified Hester-Dendy multlple-plate artlflcial substrate 
sampler used by the Ohio €PA for the quantltative collection 
of aquatic macrolnvertebrates. 
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quality, amount of current tends to have the most profound effect on the types 
and numbers of organisms collected. For a literal interpretation of the ICI, 
current speeds should be no less than 0.3 ft/sec under normal flow regimes. 
These conditions can usually be adequately met in all but the smallest of 
permanent streams ( 4 0  sq mile drainage) or those streams so highly modified 
f o r  drainage that dry weather flows maintain pooled habitats only. In these 
situations, sampling can be accomplished, but some interpretation of the IC1 
value may be necessary. 

. 

An additional area of some importance concerns the accuracy of Identlficatlon 
of the sample organisms. The IC1 has been calibrated to a specific level of 
taxonomy that i s  currently being employed by the Ohio EPA. It i s  Imperative 
that accurate identifications to the levels specified be accomplished. 
Otherwise, problems may arise in many of the IC1 metrlcs where number of kinds 
of a particular organism group i s  the parameter used. Inaccurate 
identifications can also be a problem in the IC1 metric dealing with percent 
abundance of pollution tolerant'organisms. As new information and taxonomic 
keys become available, adjustments to the IC1 scoring may be necessary. A 
listing o f  current taxonomic keys and a phylogenetic table indicating level of 
taxonomy used for specific organism groups can be found In Ohio EPA (1987a). 

1 

. 

3-7 



Doc. 0016e/0382E Users Manual October 30, 1987 

Procedure No. WQMA-SUS-6 Date Issued 11/02/87 
Revision No. 1 Effective 11/02/87 

SECTION 4: BIOLOGICAL DATA EVALUATION: FISH 

Fish can be one of the most sensitive indicators of the quality of the aquatic - 
environment (Smith 1971). 
other taxonomic groups in stream surveys despite the fact that they represent 
upper trophic levels and the literature abounds with data on their 
environmental requirements and life history (Doudoroff and Warren 1957; Gamnon 
1976). Doudoroff (1951) emphasized the need for thorough flsh population 
studies in connection with water quality assessments. Excepting instances o f  
gross pollution, only fish themselves can be trusted to reliably indicate 
environmental conditions generally suitable or unsuitable for their existence 
(Doudoroff and Warren 1957). In one sense, the populations of fish in a river 
or stream reflect the overall state of environmental health of the watershed 
as a whole. This is because fish live in water which has previously fallen on 
the cities, fields, strip mines, grasslands, and forests of the watershed 
(Gamnon 1976). The following are some of the advantages of using fish as 
Indicators of uater quality conditions: 

Historically fish have received less attention than 

flsh are integrators of comnunity response to aquatic environmental 
quality conditions; they are the end product,of most aquatlc food 
webs, thus the total biomass of fishes is highly dependent on the 
gross primary and secondary productivity of lower organism groups; 

fish constitute a conspicuous part of the aquatic biota and are 
recognized by the public for thelr sport, comnercial and endangered 
status, and represent the end product of protection for most water 
pollution abatement programs (1.e. many water quality criteria are 
based on laboratory tests using fish); 

fish reproduce once per year and complete their entire llfe cycle in 
the aquatic environment; therefore, the success of each year class is 
dependent upon the quality of the aquatic environment which they 
inhabit; this is evident in the general condition of the fish 
comnunity each sumner and fall; 

fish have a relatively high sensitivity to a variety of substances and 
physical conditions; and 

fish are readily identified to species in the field and there is an 
abundance of information concerning their llfe history, ecology, 
environmental requirements and distribution available for many specles. 

Changes in the relative abundance (numbers and weight), species richness, 
composition, and other attributes are directly influenced by the presence o f  
water quality disturbances and/or habitat alterations. 
of overall fish comnunity health and well-being used by the Ohio EPA i s  the 
Index of Well-Being (Id) developed by Gamnon (1976) and modified by Ohio 
€PA (Appendix C), and the Index of Blotic Integrity (161) developed by Karr 

The principal measures 
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(1981). 
whereas the  IBI  a d d i t i o n a l l y  incorpora tes  f u n c t i o n a l  c h a r a c t e r i s t i c s .  
Together bo th  i n d i c e s  p rov ide  a r igorous  eva lua t i on  o f  o v e r a l l  f i s h  co rnun l t y  
c o n d i t i o n .  As s t a t e d  be fo re  these a r e  n o t  d i v e r s i t y  i nd i ces  i n  the  
t r a d i t i o n a l  sense. Both Ind i ces  i n t o r p o r a t e  a much broader range o f  
a t t r i b u t e s  o f  f i s h  c o r n u n i t i e s  than merely species r ichness and the  
p r o p o r t i o n a l  r e l a t i o n s h i p  o f  f i s h  numbers. 

The Tub i s  based on s t r u c t u r a l  a t t r i b u t e s  o f  t he  f i s h  co rnun i t y  

The presence o f  permanent, l a r g e  popu la t ions  o f  d i f f e r e n t  f i s h  spec1 s i s  
g e n e r a l l y  considered t o  be t h e  r e s u l t  o f  a combination o f  many favorable 
f a c t o r s  (Trautman 1942). Factors  which account f o r  v a r i a t i o n s  i n  the  
d i s t r i b u t i o n  and abundance o f  f i s h e s  I n  streams and r i v e r s  inc lude,  bu t  a re  
n o t  l i m i t e d  to ,  stream s ize ,  ins t ream cover, stream morphology, depth, f low,  
subs t ra te ,  g r a d i e n t  and water q u a l i t y .  Per tu rba t ions  t o  the  phys i ca l  and/or 
chemical  q u a l i t y  o f  a r i v e r  o r  stream u s u a l l y  r e s u l t  i n  vary ing  degrees of 
s t r e s s  t o  one or  more f i s h  species.  F i s h  species t h a t  f a l l  t o  a d j u s t  t o  these 
s t resses  w i l l  be reduced I n  numbers o r  be e l im ina ted  v i a  m o r t a l i t y ,  reduced 
rep roduc t i ve  success, and/or avoidance. The subsequent absence o r  reduced 
numbers o f  f i s h  r e s u l t s  i n  decreased co rnun i t y  d i v e r s i t y  and abundance, and i s  
r e f l e c t e d  by an a s s o c i a t i o n  predominated by s t ress  t o l e r a n t  species. F i sh  can 
t e m p o r a r i l y  i n h a b i t  chemica l l y  o r  p h y s i c a l l y  degraded areas ( e s p e c i a l l y  i f  
r e f u g e  areas a r e  c lose-by) ,  b u t  these a re  u s u a l l y  f u n c t i o n a l l y  degraded 
assemblages and predominated by t o l e r a n t  species. 
undergo l a r g e  dec l i nes  I n  species r ichness,  r e l a t i v e  numbers, o r  biomass t o  
become degraded. I n  f a c t ,  some forms o f  p e r t u r b a t i o n  (e.g. h a b i t a t  
m o d i f i c a t i o n ,  n u t r i e n t  enr ichment)  can cause f i s h  numbers and biomass t o  
i nc rease  w i t h  o n l y  s l i g h t  reduc t ions  i n  species r ichness.  The degradat ion t o  
t h e  comnunlty I n  these ins tances  i s  more o f t e n  r e f l e c t e d  by s i g n i f i c a n t  
changes i n  t r o p h i c  composi t ion and predominant feedlng g u i l d s .  The 
t r a d i t i o n a l  t o o l s  t h a t  eva lua te  on ly  co rnun i t y  s t r u c t u r e  (e.9. d ivers i ty . ,  
numbers) can underrate '  these Impor tan t  changes. 

F i sh  c o r n u n i t i e s  need n o t  

Index  o f  B i o t i c  I n t e g r i t y  (161) 

The Index o f  B i o t l c  I n t e g r i t y  (161) uses an approach s i m i l ' a r  t o  t h a t  employed 
i n  econometric analyses where an a r r a y  o f  d i f f e r e n t  me t r i cs  a r e  examined. As 
o r i g i n a l l y  proposed by Kar r  (1981) and l a t e r  r e f i n e d  by Fausch e t  a l .  (1984) 
and Kar r  et a. (1986) t h e  161 i ncorpora tes  12 co rnun i t y  me t r i cs .  The value 
o f  each m e t r i c  i s  compared t o  t h e  va lue expected a t  a re fe rence s i t e  loca ted  
i n  a s i m i l a r  geographic reg ion  where human i n f l u e n c e  has been minimal.  
Rat ings  o f  5, 3, or 1 a r e  assigned t o  each m e t r i c  accord ing t o  whether I t s  
va lue  approximates ( 5 ) ,  dev ia tes  somewhat f rom ( 3 ) .  o r  s t r o n g l y  dev ia tes  ( 1 )  
f r o m  t h e  va lue expected a t  a re fe rence s i t e .  The maximum IBI score poss ib le  
i s  60 and the  minimum i s  12. Fur ther  d e t a l l s  about t h e  under l y ing  bas is  o f  
t h e  IBI and i t s  a p p l i c a t i o n  a r e  a v a i l a b l e  i n  Karr  e t  a l .  (1986). 

The i n d i v i d u a l  I B I  m e t r i c s  assess f i s h  co rnun i t y  a t t r i b u t e s  t h a t  a r e  presumed 
t o  c o r r e l a t e  ( e i t h e r  p o s i t i v e l y  o r  n e g a t i v e l y )  w i t h  b i o t i c  i n t e g r i t y .  
A l though no one m e t r i c  a lone can i n d i c a t e  t h i s  cons is ten t l y ,  a l l  o f  t he  I B I  
m e t r i c s  combined i n c l u d e  t h e  redundancy t h a t  i s  needed t o  accomplish a 
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consistent and sensitive measure of biotic integrity (Angermier and Karr 
1986). IBI relies on multi-parameters, a requirement when the system being 
evaluated is complex (Karr et al. 1986). It Incorporates elements of 
professional judgement, but also provides the basis for quantitative criteria 
for determing what is exceptional, good, fair, poor, and very poor. 

The following describes the metrics of  the IBI and how they were derived for 
headwaters, wading, and boat sites. These analyses and IBI metrics are 
specifically tailored to Ohio surface waters and Ohio €PA sampling methods. 

IBI Metrlcs 

Karr (1981) proposed 12 comnunity metrics within three broad categorical 
groupings (species richness and composition, trophic composition, and fish 
abundance and condition) for calculating the IBI. Some of the metrics respond 
favorably to increasing environmental quality ("positive metrics") whereas 
others respond favorably to increasing degradation ("negative metrics") . Some 
respond across the entire range of perturbation whereas others respond 
strongly to a portion of that range (Table 4-1). 

A wide varlety of stream and river sizes occur in OhYo. These not only 
contain differing fish assemblages, but require the use of different sampling 
methods. Therefore it was necessary to modify the 161 for application to 
these different stream sizes and make adjustments for different sampling 
gear. 
-- et al. (1986). Three basic divisions are made; wading sites, boat sites, and ' 

headwaters sites. In Ohio, wading sites have drainage areas that are 
generally less than 300 square miles (range 21-475 sq. mi.; range of means 
within the five ecoreglons 44-128 sq. mi.), but greater than 20 square miles. 
Boat sites include streams and rivers that are too deep and large to sample 
effectively with wading methods. 
miles in drainage area (range 117-6479 sq. mi.; range o f  means for the 
ecoreglons 225-2190 sq. mi.). Headwaters sites are actually sampled with the 
same gear used at wading sites, but are defined as sampling locations with 
drainage areas less than 20 square miles (range 1-20 sq. mi.; range of means 
for the ecoregions 5.5-10.2 sq. mi.). These designations are followed 
throughout the text. Figure 4-1 provides a flow chart for determining which 
IBI modification (e.g. wading, headwaters, etc.) should be used to evaluate a 
particular site. 

The modifications were made in keeping with the guidance given by Karr 

Boat sites generally exceed 100-300 square 

The IBI metrics used to evaluate wading sites closely approximates those 
proposed by Karr (1981) and refined by Fausch et al. (1984) and Karr et al. 
(1986). The mlnor changes are In conformity with the guidance of Karr 
(1986). More substantial modifications were necessary for the IBI metrics 
used for the boat sites and headwaters sites. These changes were made in 
recognition of the different sampling efficiency and selectivity of the boat 
methods and the different faunal character of larger streams and rivers. 
Although headwaters sites are actually sampled with the wading methods (Ohio 
EPA 1987a) these habitats have a different faunal composition resulting from 
the strong influence of  small channel and substrate size, temporal flow and 

a. 
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Wading E l e c t r o f i s h i n g  
methods (Sampler Types 

m E n ,  or  " F " )  are  
used. 

m 

Boat E l e c t r o f i s h i n g  
methods (Sampler Type 
,Am)  a r e  used. 

Use Wading S i t e s  
scor lng  c r i t e r i a  
and procedures. 
(Table 4-5) .  

a 

Use Boat S i t e s  sco r ing  
procedures and c r i t e r i a  
(Tab le  4-6). 

Drainage area 
> 20 sq. mi.. 

Drainage Area 
I 20 sq. m i .  

Use Headwaters 
scor ing  c r i -  
t e r i a  and pro-  
cedures (Table 
4 -7 ) .  

F i g u r e  4-1. Flow c h a r t  f o r  de termin ing  which s e t  o f  IBI c r i t e r i a  and 
procedures (headwaters. wading, o r  boat  vers ions)  t o  use I n  
c a l c u l a t i n g  the  Index o f  B i o t i c  I n t e g r i t y  f o r  a p a r t i c u l a r  
s i t e .  
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Table 4-1. Index o f  B i o t i c  I n t e g r i t y  m e t r i c s  used t o  e v a l u a t e  wading s i t e s ,  
boat  s i t e s ,  and headwaters stream s i t e s .  O r i g i n a l  m e t r i c s  f rom 
K a r r  (1981) a r e  g i v e n  f i r s t  w i t h  s u b s t i t u t e  m e t r i c s  f o l l o w i n g .  

Boat 
I81 M e t r i c  s i  tes1.2 Wad S i t e s  Y s i  t e s 3  

Headwaters 

1. 

2. 

3 .  

4. 

5 .  

6 .  

7 .  

8. 

9 .  

10. 

11. 

12. 

T o t a l  Number o f  Species4 

Number.of D a r t e r  Species 
X Round-bodied Suckers6 

Number o f  S u n f i s h  Species 
'Number o f  Headwaters Species 

Number o f  Sucker Species 
Number o f  Minnow Species 

Number o f  I n t o l e r a n t  Species 
Number o f  S e n s i t i v e  .Species 

X Green s u n f i s h  
X T o l e r a n t  Species 

X Omnivores 

X I n s e c t i v o r o u s  C y p r i n i d s  
X I n s e c t i v o r o u s  Species 

X Top Carn ivores 
X P i o n e e r i n g  Species 

Number o f  I n d i v i d u a l s 7  

X Hybr ids  
X Simple L i t h o p h i l s  
Number o f  Simple L i t h o p h i l i c  Species 

X Diseased I n d i v i d u a l s  
X DELT Anomalies8 

X 

x5  

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

. 
X 

X 

X 

X 

X 

X 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

a p p l i e s  t o  s i t e s  w i t h  dra inage areas l e s s  than 20 sq. m i .  
these s i t e s  a r e  sampled w i t h  wading methods; these s i t e s  a r e  sampled 
w i t h  boat  methods; excludes e x o t i c  species;  i n c l u d e s  s c u l p i n s .  
i n c l u d e s  suckers i n  t h e  genera Hypentel ium, Moxostoma, Hinvtrema, and 
Erimyzon; exc ludes w h i t e  sucker (Catostomus comnersoni).  
exc ludes species des ignated as t o l e r a n t ,  h y b r i d s ,  and e x o t i c s .  
i n c l u d e s  d e f o r m i t i e s ,  eroded f ins ,  l e s i o n s ,  and e x t e r n a l  tumors (DELT). 
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water  a v a i l a b i l i t y .  I t  I s  impor tan t  t h a t  t he  IBI met r i cs  r e f l e c t  the  
cha rac te r  o f  headwaters f i s h  comnunit ies i n  r e l a t i o n  t o  these c r i t i c a l  
f a c t o r s .  Each o f  t he  o r i g i n a l  I B I  met r i cs  a re  discussed i n c l u d i n g  any 
m o d i f i c a t i o n s  and/or s u b s t i t u t i o n s  t h a t  were made. A sumnary o f  the  I B I  
m e t r i c s  appears I n  Table 4-1. 

To determine t h e  5, 3,  and 1 values f o r  each I B I  m e t r i c  t he  reference s i t e  
da ta  base was f i r s t  p l o t t e d  aga ins t  a l o g  t rans format ion  o f  drainage area f 
each o f  t he  t h r e e  s i t e  des ignat ions.  A l l  o f  t h e  re fe rence s i t e  data from each 
ecoreq ion  was combined f o r  each method. I n d i v i d u a l  m e t r i c  d i f f e r e n c e s  
a t t r l b u t a b l e  t o  ecoreg lona l  d i f f e r e n c e s  a r e  accounted f o r  i n  the f i n a l  
d e r i v a t i o n  o f  t h e  181 c r i t e r i a .  Each m e t r i c  was examined t o  determine i f  any 
r e l a t i o n s h i p  w i t h  dra inage area ex is ted .  
a 95% l i n e  was determined and the  area beneath t r i s e c t e d  f o l l o w i n g  the  method 
used by Fausch et a. (1984).  Wading and headwaters s i t e s  data were combined 
f o r  c e r t a i n  comnon m e t r i c s  t o  determine the  s lope o f  the  95% l i n e  even though 
s c o r i n g  f o r  these s i t e s  a r e  performed separate ly .  The IBI m e t r i c  score (1.e. 
5. 3 ,  or 1) i s  then determined by comparing the  s i t e  drainage area and me t r i c  
va lue  w i t h  t h e  f i g u r e  cons t ruc ted  f rom t h e  reference s i t e  data base. 

For  some o f  t h e  m e t r l c s  t h a t  showed no p o s i t i v e  r e l a t i o n s h i p  w i t h  drainage 
area  an a l t e r n a t e  t r i s e c t i o n  method was used. A h o r i z o n t a l  5% and 95% l i n e  
was determined and t h e  area between them t r i s e c t e d .  A b i s e c t i o n  method was 
used f o r  t h e  number o f  i n d i v i d u a l s  m e t r i c .  For t w o  o thers  ( t o p  carn ivores,  
anomal ies) t h e  re fe rence s i t e  data base was examined and scor ing  c r i t e r i a  
e s t a b l i s h e d  us lng  bes t  p ro fess iona l  Judgement. The r e s u l t a n t  5, 3 ,  and 1 
va lues  a r e  t h e  same a t  a l l  dra inage areas. A s i m i l a r  method o f  t r i s e c t i o n  was 
used by Hughes and Gamnon (1987) f o r  the  lower 280 km o f  t h e  Wi l lamet te  R iver ,  
Oregon. A combinat ion o f  t h e  standard and a l t e r n a t e  t r i s e c t i o n  methods were 
used f o r  c e r t a i n  met r ics ,  p a r t i c u l a r l y  f o r  the  wading s i t e s .  

I f  a p o s i t i v e  r e l a t i o n s h i p  was found 

. 

T r i s e c t i o n  was performed bo th  separa te ly  and j o i n t l y  f o r  wading and headwaters 
s i t e s ,  depending on the  m e t r i c .  A l l  boat s i t e s  were t r i s e c t e d  separate ly .  

I 
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M e t r i c  1. T o t a l  Number o f  lnd igenous F i s h  Species ( A l l  Methods) 

Genera 1 

T h i s  m e t r i c  i s  used w i t h  a l l  t h r e e  v e r s i o n s  o f  t h e  I 6 1  (Tab le  4-1) .  E x o t i c  
spec ies  (Appendix 6. Tab le  6-3) a r e  n o t  i n c l u d e d .  T h i s  m e t r i c  i s  based on t h e  
uel l -documented o b s e r v a t i o n  t h a t  t h e  number o f  ind igenous f i s h  species i n  a 
g i v e n  s i z e  s t ream or  r i v e r  w i l l  d e c l i n e  w i t h  i n c r e a s i n g  env i ronmenta l  
d i s t u r b a n c e  ( K a r r  1981; K a r r  a. 1986). Thus t h e  number o f  f i s h  species 
m e t r i c  i s  expected t o  g i v e  an i n d i c a t i o n  o f  env i ronmenta l  q u a l i t y  throughout  
t h e  range f r o m  e x c e p t i o n a l  t o  poor.  E x o t i c  ( i . e .  I n t r o d u c e d )  species p r e s e n t  
I n  a system th rough s t o c k i n g  o r  i n a d v e r t e n t  re leases  do n o t  p r o v i d e  an 
a c c u r a t e  assessment o f  o v e r a l l  I n t e g r i t y  and t h e i r  abundance may even i n d i c a t e  
a l o s s  o f  I n t e g r i t y  ( K a r r  e t  a l .  1986).  

Wading and Headwaters S i t e s  

The number o f  species i s  s t r o n g l y  a f f e c t e d  by dra inage area a t  headwaters and 
wading s i t e s  up t o  100 sq. m i .  ( F i g .  4-2).  Determin ing t h e  IBI score f o r  t h i s  
m e t r i c  i n v o l v e s  comparing t h e  r e s u l t a n t  spec ies r i c h n e s s  a t  t h e  dra inage area 
f o r  t h e  s i t e  sampled w i t h  t h e  r e s u l t a n t  e x p e c t a t i o n s  f o r  r e f e r e n c e  s i t e s  o f  
t h e  same dra inage area ( f i g u r e  4-2). Scor ing  c r i t e r i a  a r e  l i s t e d  i n  Tables 
4-5 (wading s i t e s )  and 4-7 (headwaters s i t e s ) .  

Boat  S i t e s  

U n l i k e  headwaters and smal le r  wading s i t e s  t h e r e  i s  no d i r e c t  r e l a t i o n s h i p  
between i n c r e a s i n g  dra inage area and species r i c h n e s s  a t  b o a t  s i t e s  ( f i g .  
4-3).  S c o r i n g  i s  cons tan t  a t  a l l  d ra inage areas; c r i t e r i a  a r e  l i s t e d  i n  Table 
4-6. 
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D R A I N A G E  A R E A  ( S Q .  M I . )  

Flgure 4-2. Number of  species vs.  dralnage area (Headwaters and Wading 
sites) showlnq a comblned standard and alternate trlsectlon 
method for determlnlnq 5, 3, and 1 IBI scorlng. 
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F i g u r e  4-3. Number o f  species vs. drainage area (Boat s i t e s )  showlng 
a l t e r n a t i v e  t r i s e c t i o n  method (no drainage area  r e l a t i o n s h i p )  
for determining 5 ,  3 , B n d  1 IBI scorlng. 
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M e t r i c  2. Number o f  Dar te r  Species (Wading, Headwaters) 
P ropor t i on  o f  Round-bodied Catostomldae (Boat Method) 

General 

The d a r t e r  species m e t r i c  i s  r e f l e c t i v e  o f  good water q u a l i t y  cond i t i ons  (Kar r  
-- e t  a l .  1986). 
degraded stream c o n d i t i o n s  (Appendix E) .  Eleven o f  the  twenty-two Ohio 
species have been found t o  be h i g h l y  i n t o l e r a n t  o f  degraded cond i t i ons  based 
on t h e  Ohio EPA i n t o l e r a n c e  c r i t e r i a  (Appendix E, Table 6-1).  
da ta  on t h i s  group show d a r t e r s  t o  be insec t ivorous ,  h a b i t a t  s p e c l a l i s t s ,  and 
s e n s i t i v e  t o  p h y s i c a l  and chemical environmental  d is turbances (Kuehne and 
Barbour 1983). These f a c t o r s  make d a r t e r  species r e l l a b l e  i n d i c a t o r s  o f  good 
water  q u a l i t y  and h a b i t a t  cond i t i ons .  

None o f  t h e  species i n  t h i s  group have been found t o  t h r i v e  I n  

L i f e  h i s t o r y  

O f  t h e  22 d a r t e r  species recorded I n  Ohio seven a re  comnonly found and a re  no t  
r e s t r i c t e d  t o  a p a r t i c u l a r  stream s i z e  (Trautman 1981). Nine species a re  
con f ined  t o  Ohio R iver  b a s i n  streams; s i x  a r e  s t r o n g l y  associated w i t h  medium 
and/or l a r g e  r i v e r s .  The Iowa and l e a s t  d a r t e r s  a r e  r e s t r i c t e d  p r i m a r i l y  t o  
t h e  g l a c i a t e d  areas o f  Ohio, p a r t i c u l a r y  lakes and swamp h a b i t a t s .  Three 
species a r e  assoc ia ted  w i t h  l a r g e  water cond i t i ons  ( T i t h e r  r i v e r s  o r  Lake 
E r i e )  and can be found I n  bo th  the  Ohio and S t .  Lawrence River  bas ins.  The 
orangethroa t  d a r t e r  (Etheostoma spec tab i l e )  i s  assoc iated w i t h  western Ohio 
p r a i r i e  o r  low g r a d i e n t  smal l  streams. 

Wading S i t e s  

The d a r t e r  m e t r i c  as proposed by Kar r  (1981) i s  used f o r  wading s i t e s  on ly  
(Tab le  4-1). The method f o r  de termin ing  the  scor ing  o f  t he  d a r t e r  species 
m e t r i c  f o l l o w  those recomnended by Kar r  (1981) and Kar r  g& d. (1986). Ohio 
da ta  were used t o  d e r i v e  maximum species r ichness l i n e s  and I61 scor ing  
c r i t e r i a .  (F ig .  4 - 4 ) .  

Headwaters S i t e s  

For headwaters s i t e s  ( i . e .  l e s s  than 20 square m i les  drainage area) t h i s  
m e t r i c  a l s o  i nc ludes  t h e  m o t t l e d  s c u l p i n  (Cot tus b a i r d i ) .  Th is  species i s  a 
b e n t h i c  I n s e c t i v o r e  and func t i ons  much t h e  same as da r te rs .  Th is  r e s u l t s  i n  a 
g r e a t e r  l e v e l  o f  s e n s i t i v i t y  i n  streams t h a t  n a t u r a l l y  have fewer d a r t e r  
spec les.  The headwaters stream data  base was used t o  d e f i n e  the  I61 sco r ing  
c r i t e r i a  which vary  w i t h  dra inage area (F ig .  4-5) .  

Boat  S i t e s  

The p r o p o r t i o n  o f  'round-bodied" suckers I s  s u b s t i t u t e d  f o r  t he  number o f  
d a r t e r  species m e t r i c  f o r  t h e  boat  s i t e s .  
a r e  n o t  sampled c o n s i s t e n t l y  o r  e f f e c t i v e l y  w i t h  t h e  boat methods, a l though 
they  can occur I n  t h e  catch.  Round-bodied suckers Inc lude  species o f  the  
genera HyDentelium ( n o r t h e r n  hog sucker) ,  Moxostoma (redhorses),  Minytrema 
( s p o t t e d  sucker) ,  and Er imyton (chubsuckers). These species a re  sampled 
e f f e c t i v e l y  w i t h  the  boat  e l e c t r o f i s h i n q  methods and they comprise a s e n s i t i v e  

Th is  i s  done because d a r t e r  species 
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component o f  l a r g e r  stream and r i v e r  f i s h  faunas, much the  same as da r te rs  do 
i n  the wadable streams. The feeding and spawning requirements o f  both groups 
a re  s i m i l a r  as a r e  t h e i r  s e n s i t i v i t y  t o  environmental pe r tu rba t i ons .  
Round-bodied suckers a r e  I n t o l e r a n t  o f  h igh  t u r b i d i t y  and s i l t a t i o n ,  marginal  
and poor chemical water q u a l i t y ,  and the e l i m i n a t i o n  o f  t h e i r  r i f f l e - r u n  
spawning and feeding h a b i t a t s .  
component o f  mldwestern streams and r i v e r s  and t h e i r  abundance i s  a good 
i n d l c a t l o n  o f  good t o  except iona l  water and h a b i t a t  q u a l i t y .  
(Catostomus comnersoni) i s  n o t  Inc luded i n  t h i s  m e t r l c  s ince  I t  I s  a h i g h l y  
t o l e r a n t  species (Appendix 8, Table 8-3) and n o t  r e f l e c t i v e  o f  t he  i n t e n t  o f  
t h i s  me t r i c .  
scor ing  c r i t e r i a  a re  l i s t e d  I n  Table 4-6. 

Round-bodied suckers a re  an impor tant  

The wh i te  sucker 

Th is  m e t r i c  does n o t  change w i t h  drainage area ( F i g .  4-6); 

. 
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F ' lgure  1-4.  Number o f  dar ter  specles vs.  dtalnage area (Wading s l t e s )  
uslng the standard t r l s e c t l o n  method (pos l t lve  re la t lonshlp  
w l th  dralnage area) for  determlnlng 5 ,  3, and 1 IBI scoring. 

4-1 2 



Doc. 0016e/0382E Users Manual 

Procedure No. WOMA-SWS-6 Date Issued 11/02/87 
Revlslon No. 1 E f fec t ive  11/02/87 

e 

n 
m 

e 
Z 
H 7  

J 6  
3 
u 5 

C n 4 J  
\ 
Q : s  
W 
I - 2  
[I 

0 
0 

. .  

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
HEADWATER SITES 

. . . . . . . . . . . . . . . . . . . . . .  . * .  ‘ o . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  * ‘ 0 ’  .@.Q.Q*.Q*... . . . . . . . . . . . . . . .  

. . . . . . . . . .  . . . . . . . . . . . . .  

‘ M O O . . . . . . . . . . . . . . . . .  

....... .@. ... . . . . . . . . . . . . . . . .  

..... .e .... * .e .  . e . .  . 9 . 0 ’ .  . . . . . . . . . . . . . . .  

A 10 100 

D R A I N A G E  A R E A  ( S Q .  M I . )  

Figure 4-5. Number of darter /sculpin species vs.  dralnage area (Headwaters 
s l tes )  using the standard t r i s e c t i o n  method (pos i t ive  
re la t lonship  wi th  draJnage area)  fo r  ~. determlnlng 5 ,  3 ,  and 1 
I B I  scoring. 
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using the alternate trisection method (no dralnage area 
telationshlp) for determlnlng 5, 3, and 1 IBI scorlng. 
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Me t r i c  3 .  Number o f  Sunf ish Species (Wading, Boat) 
P ropor t i on  o f  Headwaters Species (Headwaters) 

Genera 1 

Th is  m e t r i c  f o l l ows  Karr  (1987) and Karr  e t  a l .  (1986) by i n c l u d i n g  the number 
o f  sun f i sh  species (Centrachldae) c o l l e c t e d  a t  a s i t e ,  exc lud ing  t h e  b lack 
basses (Micropterus spp.). The redear sun f i sh  (Leoomis microlophus) I s  n o t  
inc luded because, i n  Ohio. i t  I s  in t roduced and on ly  l o c a l l y  d i s t r i b u t e d .  The 
n i n e  species which a r e  Inc luded are  l i s t e d  i n  Appendix B (Table 8 - 3 ) .  Hybr id  
s u n f i s h  a r e  a l s o  excluded f rom t h i s  me t r i c .  

T h i s  m e t r i c  i s  inc luded as a moni tor  of ecosystem degradat ion.  
i t  i s  a measure o f  t he  degradat ion o f  t h e i r  p re fe r red  h a b i t a t s  and food 
i tems. D i f f e r i n g  f rom suckers and dar te rs ,  p re fe r red  h a b i t a t s  a re  genera l l y  
loca ted  i n  q u i e t  pools where s u n f i s h  spend much o f  t h e i r  t i m e  near some form 
o f  ins t ream cover ( P f l i e q e r  1975). As  such they a re  s e n s i t i v e  t o  the  
degradat ion o f  pool  h a b i t a t s .  Pre fer red  food i tems inc lude  midwater and 
sur face  Inve r teb ra tes  I n  a d d i t i o n  t o  benth ic  forms ( P f l i e g e r  1975; Becker 
1983). 
are:  cond i t i ons  descr ibed by e a r l y  s e t t l e r s  were apparent ly  conducive f o r  
sun f ish  (Trautman 1981), t he re  are  a number o f  species which are  w ide ly  
d i s t r i b u t e d  i n  a l l  stream and r i v e r  s izes  (Trautman 1981). and they are  
e f f e c t i v e l y  captured by e l e c t r o f i s h i n q .  The pr imary range o f  s e n s i t i v i t y  f o r  
t h i s  m e t r i c  i s  f rom the midd le  t o  h igh  end o f  t he  index (Kar r  e t  a l .  1986). 

S p e c i f i c a l l y ,  

Other a t t r i b u t e s  which make t h i s  m e t r i c  w e l l  s u i t e d  f o r  Ohio streams 

Wading and Boat S i t e s  

The number o f  sun f i sh  species i s  n o t  a f f e c t e d  by i nc reas ing  drainage area a t  
wading and boat  s i t e s  (F igures 4-7 and 4-8).  
and boat s i t e s  a r e  l i s t e d  i n  Tables 4-5 and 4-6. 

Headwaters S i t e s  

Scor ing c r i t e r i a  f o r  .the wading 

The number o f  s u n f i s h  species m e t r i c  i s  replaced w i t h  the  number o f  headwaters 
species a t  s i t e s  w i t h  dra inage areas less  than 20 square m i les .  The number o f  
s u n f i s h  species in ,headwater  streams tends t o  be q u i t e  low and may be 
c o n t r o l l e d  more by pool  q u a l i t y  a lone than o v e r a l l  stream q u a l i t y .  A group o f  
n i n e  species a r e  c l a s s i f i e d  as headwaters species (see Appendix 6,  Table 
6-3). Headwaters species i n d i c a t e  permanent h a b i t a t  (1.e. water a v a i l a b i l i t y )  
w i t h  low environmental  s t ress .  They do n o t  show a t rend  assoclated w l t h  
dra inage area (F ig.  4-9) .  The headwaters species c r i t e r i a  a re  l i s t e d  i n  Table 
4-7. 

I - 

- 
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F lgu re  4-7. Number o f  sun f i sh  species vs. drainage area (Wading s i t e s )  
us ing the a l t e r n a t e  t r i s e c t i o n  method (no r e l a t i o n s h i p  w i t h  
drainage area) for  determining 5, 3, and 1 I61 scoring. 
Values a t  s i t e s  d ra in ing  less than 20 square mi les are 
included for  reference. 
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Figure 4-8. Number of sunfish specles vs. dralnaqe area (Boat sites) using 
the alternate trlsectlon method (no relationship wlth - -  dralnage 
area) for determlnlng 5, 3, and 1 161-scorlnq. 
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M e t r i c  4. Number of Sucker Species (Wading, Boat) 
Number o f  Minnow Species (Headwaters) 

General 

A l l  species i n  the  f a m i l y  Catostomidae a r e  inc luded i n  t h i s  me t r i c  (Appendix 
8, Table 8-3). Suckers represent  a major component o f  t he  Ohio f i s h  fauna 
w i t h  t h e i r  t o t a l  biomass I n  many samples surpassing t h a t  o f  a l l  o ther  species 
combined. The general  i n t o l e r a n c e  o f  m o s t  sucker species t o  h a b i t a t  and water 
q u a l i t y  degradat ion (Kar r  1981; Trautman 1981; Becker 1983; Karr  et d. 1986) 
r e s u l t s  i n  a me t r i c  w i t h  a s e n s i t i v i t y  a t  the  h igh  end o f  environmental 
q u a l i t y .  I n  a d d i t i o n  t h e  r e l a t i v e l y  long l i f e  spans o f  many sucker species 
(10-20 years; Becker 1983) prov ides a long- term assessment o f  pas t  and 
p r e v a i l i n g  environmental c o n d i t i o n s . .  O f  t he  19 species s t i l l  present  i n  Ohio 
(one i s  e x t i n c t )  seven a r e  w ide ly  d i s t r i b u t e d  throughout the  s t a t e  (Table 4-2) 

Wading and Boat S i t e s  

There i s  a d e f i n i t e  r e l a t i o n s h i p  between the  number o f  sucker species and 
drainage area a t  wading s i t e s  (F ig .  4-10). Scor ing i s  thus dependent on the  
drainage area o f  t he  s i t e  and i s  accomplished us ing F ig.  4-10. No 
r e l a t i o n s h i p  between dra inage area and the  number o f  ‘sucker species i s  ev ident  
a t  the  boat s i t e s  (F ig .  4-11) The comp i la t i on  o f  re ference s i t e  data r e s u l t s  
i n  the  c r i t e r i a  l i s t e d  i n  Tab e 4-6. 

Headwaters S i tes  

The number o f  minnow species i s  s u b s t i t u t e d  f o r  the number o f  sucker species 
a t  headwaters s i t e s  because o f  t h e  I n h e r e n t l y  low number o f  sucker species i n  
smal l  streams. The number o f  sucker species decreases r a p i d l y  w i t h  d e c l i n i n g  
drainage area a t  s i t e s  w i t h  l ess  than 20 square m i les  (F ig .  4-10). 
Examination o f  t he  headwaters s i t e s  da ta  base revealed t h a t  the  number o f  
minnow species would serve as a s u i t a b l e  s u b s t i t u t e  f o r  t h i s  me t r i c .  As many 
as 10 d i f f e r e n t  minnow species have been observed a t  s i t e s  as smal l  as 5 
square m i les .  The number o f  minnow species a l s o  i s . p o s i t i v e l y  c o r r e l a t e d  w i t h  
environmental q u a l i t y .  Species such as the  reds lde  dace (Clinostomus 
elonqatus),  b igeye chub (Hybopsis amblops), and bigeye sh iner  (Not rop is  boops) 
a r e  examples o f  t he  s e n s i t i v e  minnow species t h a t  should occur i n  h i g h  q u a l i t y  
headwaters streams. Other species such as creek chub (Semoti lus 
atromaculatus),  b luntnose minnow (Pimephales promelas), and fathead minnow (E .  
promelas) a re  t o l e r a n t  o f  bo th  chemical degradat ion and stream dess ica t ion .  
Thus bo th  ends o f  the  environmental  t o le rance  spectrum a r e  covered by t h i s  
me t r i c .  There i s  a d e f i n i t e  r e l a t i o n s h i p  between t h e  number o f  minnow species 
and drainage area a t  t h e  headwaters s i t e s  (F ig .  4-12) .  Scor ing i s  thus 
dependent on the  drainage area o f  t he  s i t e  and i s  accomplished us ing  F ig.  4-12. 
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Table 4-2 .  The d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  o f  Ohio 's  sucker specles 
( f a m i l y  Catostomidae). 

Widely small  Large Rare or  
Species D i s t r i b u t e d  Streams Rivers ' L im l  ted 

Q u i l l b a c k  carpsucker X 
R i v e r  carpsucker 
H i g h f i n  carpsucker 
S i  l v e r  redh.orse X 
B lack  redhorse X 
6o lden redhorse X 
Shorthead redhorse 
R i v e r  redhorse 
Greater  redhorse 
B lue  sucker 
Bigmouth b u f f a l o  
Smallmouth b u f f a l o  
B lack  b u f f a l o  
Nor thern  hog sucker 
Whi te  sucker 
Spot ted  sucker 
Creek chubsucker 
Lake chubsucker 
H a r e l i p  sucker ( e x t l n c t )  
Longnose sucker 

X 
X 
X 

X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

. X 
X 
X 
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Figure 4-10. Number o f  sucker species vs. drainage area (Wading s i t e s )  
uslng the  standard t r i s e c t i o n  method ( p o s i t i v e  r e l a t i o n s h i p  
wi th  drainage area) f o r  determining 5, 3, and 1 IBI scoring. 
Values a t  s i t e s  d r a i n i n g - l e s s  than 20 square mi les are 
Included f o r  reference. 
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Figure  4-11. Number of sucker species vs. drainage area (Boat s i tes )  uslng 
the a l t e r n a t i v e  t r i s e c t i o n  method (no drainage area 
re la t ionship)  fo r  determining 5 ,  3, and 1 161 scorlnq. 
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Flgure  4-12. Number o f  mlnnow specles vs.  dralnage area (Headwaters s l t e s )  
uslng t h e  standard t r l s e c t l o n  method ( p o s l t l v e  relat lonsh!p 
w i t h  dralnage-larea) f o r  determlnlng 5 ,  3. and 1 IBI scorlng.  - 
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Hetric 5: Number of Intolerant Species (Wading, Bo'at) 
Number of Sensitive Specles (Headwaters) 

Genera 1 

T h e  number of  Intolerant species metric Is designed to distinguish streams o f  
the highest quality. As a result, the sensitivity of this metric is at the 
highest end of  biotic integrity. 
Intolerant will prevent this metric from discriminating among the highest 
quality streams. Only species that are highly Intolerant to a variety of 
disturbances were included In this metric so that it will respond to diverse 
types of perturbations; species intolerant to one type of disturbance, but not 
another were not inc$luded (Appendix 6 ) .  

Designation o f  too many species as 

The criteria used for determining intolerance (Table 4-2) are based on 
numerical' and graphical analysis of Ohio EPA's statewide data base from 1979 
through 1985 (Appendix E ) ,  Trautman's (1981) documentation o f  historical 
changes in the distribution of species within Ohio, and supplemental 
information from reglonal Ichthyological texts (e.g. Plieger 1975; Becker 
1983). Intolerant species are those that decline wit! decreasing 
environmental quality and disappear, as vlable populatlons, when the aquatic 
environment is degraded to the "fair" category (Karr et al. 1986). The 
intolerant species list was divided into three categories all of which are 
Included In scoring this metric as follows: 

1 )  comnon lntolerant species (designated I i n  the TOL column o f  Appendix 
8,  Table 8-3)  - species that are Intolerant, but are still widely 
distributed in the best streams in Ohio; 

2) uncomnon or geographically restricted species (designated R )  - species 
that are infrequently captured or that have restricted ranges; and, 

3) species that are rare or possibly extirpated (designated S )  - 
intolerant species that are rarely captured or for which we have 
little recent data. 

The llst of comnonly occurring intolerant species (1.e. those designated I) is 
within the 510% guideline of Karr (1981) and Karr (1986). Although the 
addition of species designated R and 5 collectively Inflates the number of 
intolerant specles above the 10% guideline, no where In the state do these 
species all occur together at the same time. 
only one or two usually occur in the same collection. 

In the vast majority of cases 

Wading and Boat Sites 

T h e  expected number of Intolerant specles increases wlth drainage area among 
the wading sites (Flgure 4-13); however, such a dlrect positive trend is not 
evident In the boat sites data (Figure 4-14). 
level o f f  and decrease at the larger boat reference sites. Intolerant species 

I?, fact intolerants seem to 
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i n  l a r g e  r i v e r s  have l i k e l y  been reduced (see Appendix 6 ,  Table 6-3, TOL 
c a t e g o r i e s  R and S); never the less ,  a score o f  " 5 "  f o r  t h i s  m e t r i c  has been 
observed a t  t h e  b e s t  l a r g e  r i v e r  r e f e r e n c e  s i t e s .  
spec ies  s t i l l  e x i s t  i n  areas o f  h i g h  I n t e g r i t y  i n  l a r g e  r i v e r s  and a r e  
c a t c h a b l e  w i t h  t h e  b o a t  e l e c t r o f i s h i n g  methods. Therefore,  s c o r i n g  c r i t e r i a  
remain c o n s t a n t  w l t h  I n c r e a s i n g  dra inage area  f o r  t h e  b o a t  s i t e s  ( F i g .  4-14 
and Tab le  4-6).  

Large r i v e r  i n t o l e r a n t  

Headwaters 

The number o f  I n t o l e r a n t  spec ies m e t r i c  i s  m o d i f i e d  t o  I n c l u d e  moderate ly  
i n t o l e r a n t  spec ies f o r  a p p l i c a t i o n  a t  headwaters s i t e s .  T h i s  combinat ion i s  
termed s e n s l t i v e  species (Appendix B, Table 8-3). T h i s  i s  done because few or 
no I n t o l e r a n t  spec ies a r e  expected I n  these streams ( F i g .  4-13). The 
modera te ly  i n t o l e r a n t  spec ies meet most o f  t h e  c r i t e r i a  i n  Table 4-3. 
S e n s i t i v e  species a l s o  r e q u i r e  permanent p o o l s  thus  t h i s  m e t r i c  w i l l  a l s o  a l d  
I n  d i s t i n g u i s h i n g  permanent streams f r o m  those w i t h  ephemeral 
c h a r a c t e r i s t i c s .  An absence o f  these species would i n d i c a t e  a severe s t r e s s  
caused by man-lnduced p e r t u r b a t i o n  o r  l o s s  o f  h a b i t a t  due t o  a l a c k  o f  water .  
T h i s  m e t r i c  v a r i e s  w i t h  d ra inage area and s c o r i n g  i s  accomplished u s i n g  F l g .  
4-15. . 
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F igu re  4-13. Number of i n t o l e r a n t  species vs. drainage area (Wading s i t e s )  
using both the standard and a l t e r n a t e  t r i s e c t i o n  method 
( l i m i t e d  p o s i t i v e  r e l a t i o n s h i p  w i t h  drainage area) f o r  
determining 5, 3, and 1 IBI scoring. 
less than 20 square mi les are Included f o r  reference. 

Values a t  s i t e s  d ra in lng  
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Figure 4-14. Number of in to le rant  specles v s .  drainage area (Boat s l t e s )  

- .  re la t lonshlp  with drainage area) for determlnlng 5 ,  3, and 1 
uslng the a l te rnate  t r i s e c t i o n  method (no posl t lve  

181 scorlng. . . -. . 
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Figure 4-15. Number of sensi t ive  species v s .  drainage area (Headwaters 
s i t e s )  using the standard t r i s e c t i o n  method (pos i t ive  
re la t ionship  w i th  drainage area) fo r  determining 5, 3 ,  and 1 
IBI scoring. 
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Me t r i c  6: Percent Abundance o f  To le ran t  Species ( A l l )  

General 

Th is  m e t r i c  I s  a m o d i f i c a t i o n  o f  one o f  K a r r ' s  o r i g i n a l  IBI metr ics ,  the  
percentage o f  the  f i s h  comnunlty comprised by green sun f i sh  (Karr  7981). 
m e t r i c  was designed t o  d e t e c t  a d e c l i n e  i n  stream q u a l i t y  f rom f a i r  t o  poor.  
The green s u n f i s h  (Lepomls cyane l lus )  i s  a species t h a t  i s  o f t e n , p r e s e n t  i n  
moderate numbers I n  many Midwest streaps and can become a predominant 
component o f  the.comnunity i n  areas w i t h  degraded h a b i t a t  and/or water 
q u a l i t y .  Th i s  a b i l i t y  t o  su rv i ve  and reproduce i n  d i s tu rbed  environments 
makes t h i s  species s e n s i t i v e  t o  changes i n  environmental  q u a l i t y  i n  severe ly  
impacted areas. Although green sun f i sh  a r e  one.of t he  m o s t  w ide l y  d i s t r i b u t e d  
and numer ica l l y  abundant f i s h  species found i n  the  Ridwest they show a decided 
preference towards smal ler  s ized  and low g rad ien t  streams. This  l i m i t s  t h e l r  
u t i l i t y  i n  assessing Impacts i n  l a r g e r  streams and r i v e r s .  Karr  e t  a l .  (1986) 
suggested t h a t  o ther  species cou ld  be s u b s t i t u t e d  f o r  the green sun f i sh  i f  
they respond i n  a s i m i l a r  manner, i.e., they inc rease as a p r o p o r t i o n  o f  the  
comnunlty i n  degraded environments. Several species meeting t h i s  c r i t e r i o n  
were Inc luded t o  g i v e  t h i s  m e t r i c  an improved s e n s i t j v i t y  f o r  the  range o f  
stream and r i v e r  s izes  encountered i n  Ohio. Since i n d i v i d u a l  species have 
h a b i t a t  requirements t h a t  a re  keyed t o  stream s ize ,  composi t ion o f  t he  
t o l e r a n t  species me t r i c  s h i f t s  w i t h  drainage area and t h i s  m e t r i c  remains 
use fu l  among small, medium, and la rge  streams and r i v e r s .  

Th is  

Ohio 's  t o l e r a n t  species a r e  l i s t e d  i n  Table 4-4 ( a l s o  see Appendix B, Table 
8-3).  This  l i s t  was based on a numerical  and g raph ica l  ana lys i s  o f  Ohio E P A ' s  
catch  da ta  from 1978 through 1985 (Appendix B) and h i s t o r i c a l  changes i n  the  
d i s t r i b u t l o n  o f  f i s h  species throughout Ohio (Trautman 1981). To le ran t  
species a re  those t h a t  1 )  a re  present  a t  a s u b s t a n t i a l  number o f  s i t e s  w l t h  
o r i g i n a l  I* values c6.0 (1.e. f a i r  and poor s i t e s ) ,  2) show e i t h e r  no 
d e c l i n e  o r  a h i s t o r i c a l  inc rease i n  abundance o r  d i s t r i b u t i o n  (Trautman 1981), 
and 3) s h i f t  towards comnunity predominance w i t h  decreasing water and h a b i t a t  
q u a l i t y  (Table 4-3; a l s o  see Appendix 8 ) .  

Uading and Headwaters 

Data f o r  headwaters and wading s i t e s  were p l o t t e d  and scored together  f o r  t h i s  
m e t r i c  (F igu re  4-16). No r e l a t i o n s h i p  w i t h  drainage area was ev ident  up t o  10 
sq. mi . ,  b u t  became inve rse  f o r  s i t e s  g rea ter  than 10  sq. m i .  Scor ing 
c r i t e r i a  a r e  g iven i n  Tables 4-5 (wading) and 4-7 (headwaters). 

Boat S i t e s  

The expected percentage of t o l e r a n t  species remains constant  w l t h  Increases I n  
dra inage area a t  boat  s i t e s  (F igure  4-17). Scor lng c r i t e r i a  a re  g iven i n  
Table 4-6. 
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Table 4-3. C r i t e r i a  f o r  I n c l u s i o n  o f  species on the  Ohio EPA i n t o l e r a n t  and 
t o l e r a n t  species l i s t s .  

I n t o l e r a n t  C r i t e r i a  

1) A d i s t i n c t  and r a p i d  decreasing t rend  i n  abundance w l t h  decreasing w a t e r  
and h a b i t a t  q u a l i t y  (based,on g raph ica l  ana lys i s ;  Appendix B, F ig .  B-1) .  

2 )  Abundance skewed towards s i t e s  w i t h  h igh  Iub scores (which i s  
r e f l e c t e d  i n  h igh  wei'ghted Iwb scores; Appendix 8, Table B - 2 ) .  

3)  The species i s  absent f rom s l t e s  w i t h  Iwb q6.0,  occurs a t  a few s i t e s  
G . 0 .  and i s  present  a t  t h e  m a j o r i t y  o f  s l t e s  N.0 (Appendix 6 ,  Table 
8-2)  - . 

4)  A s i g n l f l c a n t  h l s t o r l c a l  decrease I n  d i s t r l b u t i o n  (based on Trautman 
1981). 

To le ran t  C r i t e r i a  

1) Present i n  a s u b s t a n t i a l  number o f  s i t e s  w l t h  Iub values c6.0 
(Appendix B, Table 8-2) .  

2) No change o r  a h l s t o r l c a l  increase i n  abundance o r  d i s t r i b u t i o n  (based 
I on Trautman 1981). 

3)  A s h i f t  towards comnunity predominance w i t h  decreasing water and h a b i t a t  
. q u a l i t y  (Appendix 8, Fig .  6-1).  
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Table 4-4. List of Ohio fish species considered to be highly tolerant (for 
calculating IBI and modified Iwb values) to a wide variety of 
environmental disturbances including water quality and habitat 
degradation. 

Tolerant Species - All Sampler Types 

Comnon Name 

Central mudminnow 
White sucker 
Carp 
6oldf ish 
6olden shiner 
Blacknose dace 
Creek chub 
Bluntnose minnow 
Fathead minnow 
6reen sunfish 
Yellow bullhead 
Brown bullhead 

Scientific Name 

Umbra limi 
Catostomus comnersoni 
Cyprinus carplo 
Carassius auratus 
Notemigonus crysoleucas 
Rhinichthys atratulus 
Semotilus atromaculatus 
Pimephales notatus 
Pimephales promelas 
Lepomis cyanellus 
Ictalurus natalis 
Ictalurus nebulosus 

-- 

E. banded killifish Fundulus diaphanus diaphanus 
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Figure 4-16. Percent of tolerant species vs.  drainage area (Headwaters and 
Wading sites) using the alternate trisection and standard 

' methods for determining 5, 3, and 1 I61 scoring. 
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F1gur.e 4-17. Percent to le rant  specie vs .  drainage area (Boat s i t e s )  using 
the a l te rnate  t r i s e c t i o n  method (no drainage area 
re la t lonship)  f o r  determining 5,  3, and 1 I B I  scoring. 
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Metric 7. Omnivore Metric (All) 

General 

The Ohio EPA definition of an omnivorous species follows Karr (1981) and Karr 
-- et al. (1986) with two important distinctions added. 
feeding species which technically are omnivorous are not included. 
filter feeders are represented In Ohio by the paddlefish (Polyodon spathula) 
and brook lamprey amnocoetes. These species are generally sensitive to 
environmental degradation. Since the omnivore metric Is designed to measure 
Increasing levels of environmental degradation due to a disruption of the food 
base it is not appropriate to include these sensitive, filter feeding species 
In this metric. This metric was further restricted to those species that did 
not show feeding specialization and were reported primarily as omnivores in 
all studies reviewed. This removes such species as channel catfish (Ictalurus 
punctatus) which may or may not feed as an ominlvore under different 
environmental conditions. Species considered as omnivores are listed in 
Appendix 8, Table 8-3 .  

Specialized filter- 
Specialist 

Wading and Headwaters Sites 

The effect of these restrictions limits the omnivore'metric to those species 
that consistently feed as omnivores. Consequently, overall percentages of 
omnivores are different from Karr (1981) and Karr et al. (1986). To determlne 
appropriate criteria for 5, 3 .  and 1 181 scores the Ohio EPA reference sites 
data base was examined. Furthermore a relationship with drainage area was 
found for sites less than 30 sq. mi. (Fig. 4-18). Scoring criteria for the 
wading and headwaters sites i s  given in Tables 4-5 and 4-7. 

Boat Sites 

No relationship with drainage area was found for the proportion of omnivores 
at boat sites (Fig. 4-19). Scoring criteria are given In Table 4-6. 
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Met r i c  8. Propor t ion  as Insec t i vo res  ( A l l )  

Th is  m e t r i c  I s  designed t o  be s e n s i t i v e  over the  middle range of  b i o t i c  
i n t e g r i t y .  A low abundance o f  Insec t ivorous  species can r e f l e c t  a degradat jon 
t o  the  i n s e c t  food base o f  a stream (Kar r  e t  a l .  1986). As d is turbance 
increases the  d i v e r s i t y  o f  benth ic  i nsec ts  decreases, p roduc t ion  becomes more 
va r lab le ,  and the  co rnun i t y  o f t e n  becomes predominated by a few taxa (Jones 
- a l .  1987). 
decrease and be replaced by g e n e r a l i s t  feeders such as omnivores. This 
represents  a m o d i f i c a t i o n  f rom Karr  e t  a l .  (1986) us ing  i nsec t i vo rous  
Cypr in ids  alone. 

Thus, s p e c i a l i s t  feeders such as s p e c l a l i s t  i nsec t i vo res  w i l l  

Wading and Headwaters S i t e s  

We d i f f e r  f rom Karr  d. (1986) by exc lud ing  two species t h a t  a re  
genera l i zed  and o p p o r t u n i s t i c  i n  t h e i r  feed ing  hab i t s ;  creek chub and 
blacknose dace. I n c l u s i o n  o f  these two species as i nsec t i vo res  i n  a West  
V i r g i n i a  study r e s u l t e d  i n  a negat ive  c o r r e l a t i o n  between i n s e c t i v o r e s  and the  
IBI (Leonard and Orth 1986). when the  r e l a t i o n s h i p  should have been p o s i t i v e  
(Angermler and Karr  1986). Exc lus ion o f  these gener \a l is t  feeders fo l l ows  the  
reasoning of Leonard and Orth (1986) who f e l t  t h a t  the  c u r r e n t  d e f i n i t i o n s  o f  
t r o p h i c  groupings were o f t e n  a r b i t r a r y .  The eco log i ca l  f u n c t i o n  scored by 
these m e t r l c s  was bes t  served by desc r ib ing  species as s p e c i a l i s t  (e.9.  
spec ia l i zed  Insec t ivo- res)  o r  g e n e r a l i s t  feeders (Appendix B, Table 8 - 3 ) .  

Scor ing c r i t e r i a  f o r  t h i s  m e t r i c  show a p o s i t i v e  r e l a t i o n s h i p  w i t h  d ra inagg  
area up t o  30 sq. m i .  f o r  t he  headwaters and wading s i t e s  (F igs .  4-20). 
Scor ing c r i t e r i a  a re  l i s t e d  I n  Tables 4-5 and 4-7. 

Boat S i t e s  

Insec t i vo res  show no drainage area e f f e c t  (F ig .  4-21) and c r i t e r i a  were 
es tab l i shed  us ing  the  a l t e r n a t e  t r i s e c t i o n  method. 



(P u 
E 
0 > 
t- 
o 
W 
CT) 
7 

8 

H 

H 

Doc. 001 6e/0382E Users Manual October 30, 1987 

Procedure No. WOMA-SWS-6 Date Issued 11/02/87 
Revislon No. 1 " Ef fec t lve  11/02/87 

100 

90 

BO 

70  

60 

S O  

40 

30 

20 

10 

0 

4 

* 
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a l t e r n a t e - t r l s e c t l o n  method (no dralnage area relat tonshlp)  
fo r  determlnlng 5 ,  3,  and 1 IBI scorlng. 
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M e t r i c  9. Top Carnivores (Wading, Boat)  
P ropor t i on  o f  P ioneer ing Species (Headwaters) 

General 

Ka r r  (1981) developed t h e  t o p  ca rn l vo re  m e t r l c  t o  measure comnunity i n t e g r i t y  
i n  t h e  upper f u n c t i o n a l  l e v e l s  o f  t he  f i s h  comnunity. 
specles as a t o p  ca rn l vo re  we fo l lowed Karr  (1981) and Karr  & u. (1986). 
Specles which feed p r l m a r i l y  on o ther  ver tebra tes  o r  c r a y f i s h  a re  inc luded I n  
t h i s  m e t r l c  (Appendlx 6. Table B-3).' As  wt th  the  omnivore me t r l c ,  specles 
whlch d i s p l a y  feed lng  p l a s t i c i t y  a r e  excluded (e.g. channel c a t f l s h ) ;  

I n  des lgnat ing  a 

0 

Wading S l t e s  

Kar r  (1981) i n d i c a t e d  t h a t  expectat ions f o r  t h e  p r o p o r t i o n  o f  t o p  carn lvores  
should change w i t h  dra lnage area. 
revea ls  t h a t  no r e l a t l o n s h l p  e x i s t s  between the  p r o p o r t i o n  o f  t op  carn ivores  
and dra lnage area a t  s i t e s  g rea te r  than 20 sq. m i .  
da ta  base f o r  wadlng s l t e s  y ie lded  the  same c r i t e r l a  as t h a t  proposed by Karr  -- e t  a l .  (1986; F ig .  4-22; Table 4-5) .  
d e r i v i n g  t h e  sco r lng  c r i t e r i a .  

An examinat ion o f  t he  Ohio EPA data base 

An examinat ion o f  the Ohio 

No t r i s e c t i o n  method was employed i n  

Boat S l t e s  

No dra inage area r e l a t e d  t rend  was observed f o r  boat da ta  whlch d lsp layed 
c o n s i s t e n t  and h igher  top  ca rn l vo re  p ropor t l ons  f o r  a l l  dra inage areas ( F i g .  
4-23).  The c r i t e r l a  l i s t e d  i n  Table 4-6 were der ived  us ing  bes t  p ro fess iona l  
judgement I n  examining the  re fe rence s i t e s  da ta  base. 
was used i n  d e r i v i n g  the. sco r lng  c r i t e r l a .  

' 

No t r l s e c t i o n  procedure 

Headwaters 

An examinat ion o f  t he  headwaters stream data base revealed t h a t  t op  carn ivores  
a r e  v i r t u a l l y  absent o r  i n  very low abundance a t  headwaters s i t e s .  A me t r i c  
i s  needed f o r  t h e  headwaters s i t e s  t h a t  r e f l e c t s  the  degree t o  which the 
comnunity may be temporal thus r e f l e c t i n g  the  permanence o f  t he  headwater 
s t ream h a b l t a t .  Smlth (1979) i d e n t i f i e d  c e r t a i n  smal l  stream specles I n  
I l l t n o l s  as ap ioneer ingn species.  These are  species whlch a r e  the  f i r s t  t o  
re lnvade  sec t i ons  o f  headwater streams t h a t  have been dess icated by prolonged 
p e r l o d s  o f  d r y  weather. 
envtronments t h a t  have been a f f e c t e d  by temporal d e s l c a t i o n  and/or 
anthropogenic  s t resses .  
i n d i c a t l o n  o f  a h a b l t a t  t h a t  i s  tempora l l y  n o t  ava l l ab le ,  under s t ress ,  o r  
bo th .  
by t r i s e c t i o n  (F lg .  4-24). 

These species a l s o  predominate I n  uns tab le  

Thus a h i g h  p r o p o r t l o n  o f  p ioneer lng  specles I s  an 

Scor ing  c r i t e r i a  f o r  t h i s  method a re  l i s t e d  i n  Table 4-7 as determined 
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M e t r i c  10: Number o f  l n d i v i d u a l s  i n  a Sample ( A l l )  

Genera 1 

Th is  m e t r i c  assesses popu la t i on  abundance as the  number o f  i n d i v i d u a l s  per 
un i t  o f  sampling e f f o r t .  This m e t r i c  i s  most s e n s i t i v e  a t  t he  low t o  mlddle 
end o f  b i o t i c  i n t e g r i t y  when p o l l u t e d  s i t e s  y i e l d  fewer i n d l v i d u a l s  (Kar r  et - a l .  1986). I n  such cases the  normal t r o p h i c  r e l a t i o n s h i p s  a re  d i s tu rbed  
enough t o  have severe e f f e c t s  on f i s h  p roduc t ion  or  d i r e c t l y  reduce f i s h  
abundance through t o x i c  e f f e c t s .  As I n t e g r i t y  increases t o t a l  abundance 
increases  and becomes more v a r i a b l e  (F igure  4 - 2 5 )  w i t h  n a t u r a l  f a c t o r s  such as 
i o n i c  concent ra t ion ,  temperature, and amount o f  energy reachlng the  stream 
sur face .  However, c e r t a i n  pe r tu rba t i ons ,  such as channe l i za t i on  w i t h  canopy 
removal, can lead t o  increases i n  the  abundance o f  f i shes ,  e s p e c i a l l y  t o l e r a n t  
spec ies (e.9. b luntnose minnow). Thus i n c l u s i o n  o f  these species may obscure 
nega t i ve  environmental  change. To decrease the  v a r i a b i l i t y  i n  scor ing  o f  t h i s  
m e t r i c  and t o  avo id  rewarding d i s tu rbed  s i t e s  t he  r e l a t i v e  number o f  
i n d i v i d u a l s  excludes species designated as t o l e r a n t  (Table 4-3).  

Wading and Headwaters S i t e s  

Drainage area a f f e c t s  the  number o f  I n d i v i d u a l s  a t  hgadwaters and wadlng s i t e s  
by i n c r e a s i n g  numbers w i t h  dra inage area up t o  j u s t  under 8 sq. m i .  (F igure  
4-26). Th is  r e l a t i o n s h i p  became h o r i z o n t a l  above 8 sq. m i .  Because the 
r e l a t i o n s h i p  between environmental  q u a l i t y  and abundance o f  I n d i v i d u a l s  i s  n o t  
l l n e a r  a l o g  t rans fo rma t ion  o f  t h e  r e l a t i v e  number o f  i n d i v i d u a l s  (exc lud ing  
t o l e r a n t  species) was performed. Strong dev ia t i ons  f rom the  expected i n  a 
l e a s t  Impacted stream (score  o f  aim) were determined by examining f i s h  numbers 
i n  a s e r i e s  o f  impacted streams and r i v e r s .  For bo th  boat  and wading s i t e s  
t h i s  break p o i n t  was 2 0 0  i n d i v i d u a l s  (per  km and 300 m, r e s p e c t i v e l y ) .  Th is  
number approximated the  5% l i n e s  I n  F igures 4-26 and 4-27. Remaining scor ing  
c r i t e r i a  ( ' 5 "  and "3")  were c a l c u l a t e d  by b i s e c t i n g  the  area I n  between the  5% 
and 95% l i n e s .  
score  f o r  t h e  wading and boat  s i t e s  (Tables 4 - 5  and 4 - 7 ) .  

T h i s  was then used t o  determlne the  appropr ia te  I B I  m e t r i c  

Boat S i t e s  

No r e l a t i o n s h i p  w i t h  dra inage area was found f o r  numbers a t  boat  s i t e s  ( F i g .  
4-27).  
s c o r i n g  c r i t e r i a  g i ven  i n  Table 4-6. 

A b i s e c t i o n  between the  5% and 95% l i n e s  was used t o  determine the  
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modified Iwb for wading and boat sites sampled by pulsed-DC 
electrofishing methods during 1985 and 1986. 
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Figure 4-26. Number of individuals per 300 m (minus tolerants) versus 
drainage area (Headwaters and Wading sites) showing a 
bisection method for determining 5,  3, and 1 161 scoring. 
For streams with extremely few fish (<200 Individuals/0.3 km 
Includinq tolerants) an alternate scoring procedure I s  used 
(see text). 
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Figu re  4-27. Number o f  i n d l v l d u a l s  per km (mlnus t o l e r a n t s )  versus 
drainage area (Boat s i t e s )  shoulng a b l s e c t l o n  method f o r  
determining 5, 3, and 1 IBI  scoring. For streams w i t h  
extremely f e u  f l s h  (<200 indlv lduals/km i n c l u d l n q  t o l e r a n t s )  
an - a l t e r n a t i v e  scor7ng-procedure i s  used (see t e x t ) .  . _  
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M e t r i c  11: Propor t i on  o f  I n d i v i d u a l s  as 
Simple L i t h o p h i l i c  Spawners 

Th is  m e t r i c  was designed as a replacement m e t r i c  f o r  the  p r o p o r t i o n  of 
i n d i v i d u a l s  as hybr ids .  I n  Ohio streams t h e  h y b r i d  me t r i c  was n o t  a 
c o n s i s t e n t  i n d i c a t i o n  o f  water q u a l i t y  or h a b i t a t  problems per  i t s  o r i g i n a l  
i n t e n t .  Hybr ids  have been observed t o  occur i n  h i g h  q u a l i t y  Ohio streams 
(e.g. minnow hyb r ids ) ,  can a r i s e  f rom s e n s i t i v e  parent  species (e.g. longear 
sun f i sh ) ,  a r e  o f t e n  t imes absent f rom headwaters streams and severe ly  impacted 
streams, and they  can be d i f f i c u l t  t o  I d e n t i f y .  
h y b r i d i z a t i o n  has o f t e n  been associated w i t h  h a b i t a t  degradat ion t h i s  d i d  no t  
appear c o n s i s t e n t l y  enough I n  t h e  Ohio €PA da ta  base t o  d i s t i n g u i s h  t h i s  type 
o f  impact .  

Spawning g u l l d s  have been shown t o  be a f f e c t e d  by h a b i t a t  q u a l i t y  (Berkman and 
Rabeni 1987) and have been suggested as an a l t e r n a t i v e  I B I  m e t r i c  (Angermler 
and Kar r  1986). f i s h  t h a t  e x h i b i t  s imple spawning behavior and r e q u i r e  c lean 
g r a v e l  and/or cobble f o r  successfu l  reproduc t ion  (1.e. m l i t h o p h l l o u s " )  appear 
t o  be t h e  most env i ronmenta l l y  s e n s i t i v e  o f  t he  spawning g u i l d s .  These simple 
l i t h o p h i l i c  species broadcast t h e i r  eggs which then come I n t o  contac t  w i t h  the 
bo t tom subs t ra te .  Eggs then develop I n  t h e  i n t e r s t i t i a l  spaces between sand, 
g r a v e l ,  and cobble s i zed  subs t ra te  p a r t i c l e s .  Berk&n and Rabeni (1987) found 
a s i g n i f i c a n t  nega t i ve  c o r r e l a t i o n  between simple l i t h o p h l l i c  spawners and the  
percentage o f  s i l t  i n  r i f f l e s .  H i s t o r i c a l l y  some simple l i t h o p h i l i c  spawners 
have s u f f e r e d  p o p u l a t i o n  dec l i nes  i n  Ohio, due i n  p a r t  t o  increased s i l t  loads 
i n  streams (Trautman 1981). Some simple spawners do n o t  r e q u i r e  c lean 
subs t ra tes  and o f t e n  have buoyant, adhesive, or f a s t  develop ing eggs and 
p h o t o a c t i c  l a r v a e  t h a t  have minimal con tac t  w i t h  t h e  subs t ra te  (Balon 1975). 
These a r e  termed s imple miscel laneous spawners. F i sh  species t h a t  e x h i b i t  a 
more complex spawning behavior can min imize the  e f f e c t s  o f  s i l t  and p o l l u t i o n  
by d e p o s i t i n g  t h e i r  eggs away f rom s i l t  on the undersurfaces o f  rocks (e.9. 
f a n t a i l  d a r t e r ,  b lun tnose and fa thead minnows) or, by b u i l d i n g  nests  and 
guard ing  and c a r i n g  f o r  t h e  eggs (e.g. most sunf ishes) .  These a r e  termed 
complex w i t h  and w i t h o u t  pa ren ta l  care. Designat ions o f  Ohio f i s h  species 
appears i n  Appendix B, Table 8-3. 

Although the  frequency o f  

Because of  t h e i r  unique s e n s i t i v i t y  t o  environmental d is turbances,  
p a r t l c u l a r l y  s i l t a t l o n ,  s imple l i t h o p h l l i c  species a re  used. 

Wading and Boat S i t e s  

No r e l a t i o n s h i p  w i th  dra inage area was observed a t  wading s i t e s  (F ig .  4-27). 
Thus s c o r i n g  was accomplished us ing  the  a l t e r n a t e  t r i s e c t i o n  method. Simple 
l l t h o p h l l s  a r e  a major component o f  t h e  f i s h  c o r n u n i t i e s  I n  these streams, 
r e f l e c t i n g  t h e  Importance o f  c lean  g rave l  and cobble subst rates.  
r e l a t i o n s h i p  between t h e  p r o p o r t i o n  o f  s imple l l t h o p h l l i c  species and drainage 
a rea  was found a t  the boat  s i t e s  ( f i g .  4-28). This Invo lved a decreasing 
t r e n d  a t  s i t e s  w i th  dra inage areas g rea te r  than 600 square m i les .  This  i s  

A p a r t i a l  
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apparently related to the increased proprtion of groups such as buffaloes, 
carpsuckers. gars, gizzard shad, which are classified as slmple mlscellaneous 
spawners (Balon 1975). 

Headwaters Sites 

The number of simple lithophilic species is used instead of the proportion of  
individuals for  headwaters." Because headwaters are more likely to be 
predomlnated by a few species, some of which may be simple lithophlls, the 
number of simple lithophlllc specles is a more consistent environmental 
indicator. This metric is strongly related to drainage area at headwaters 
sites (Fig. 4-29). 

. 
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F lgu re  4-28. Percent o f  slmple l l t h o p h l l l c  species vs. dralnage area 
(Wadlng s l t e s )  uslng the  a l t e r n a t e  t r l s e c t l o n  method (no 
r e l a t l o n s h l p  w i t h  drainage area) f o r  determlnlng 5, 3,  and 1 
IBI scoring. 
m l les  are Included f o r  reference. 

Values a t  s l t e s  d ra ln lng  less than 20 square 
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Flgure  4-29. Percent of  slmple l l t h o p h l l i c  species vs. dralnage area  (Boat 
s l t e s )  uslng t h e  a l t e r n a t e  t r l s e c t l o n  method ( p a r t i a l  
negat lve  r e l a t l o n s h l p  w l t h  dralnage area)  f o r  determlnlng 5 ,  
3, and 1 IBI scoring. 
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Figure 4-30. Percent o f  slmple l l t h o p h l l l c  specles v s .  drainage area 
(Headwaters s i t e s )  uslnq the standard t r l s e c t l o n  method 
(pos i t ive  re la t lonshlp  wl th  drainage area) for determlnlng 5 ,  
3, and 1 I B I  scoring. 
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M e t r i c  12: Propor t ion  o f  I n d i v i d u a l s  With Deformi t ies ,  
Eroded Fins,  Lesions, and Tumors - DELT ( A l l ) .  

General 

Th is  m e t r i c  keys I n  on the  h e a l t h  o f  i n d i v i d u a l  f i s h  w i t h i n  a co rnun i t y  us ing  
the  percent  occurrence o f  ex te rna l  anomalies and corresponds t o  the  percentage 
o f  diseased f i s h  I n  K a r r ' s  (1987) o r i g i n a l  I B I .  Studies o f  w i l d  f i s h  
popu la t ions  have revealed t h a t  these and o ther  anomalies a re  e i t h e r  absent or 
occur a t  very low ra tes  a t  re fe rence s i t e s ,  b u t  reach h igher  percentages a t  
Impacted s i t e s  ( M i l l s  e t  a l .  1966; Berra and Au 1981; Baumann et a. 1987). 
Comnon causes o f  DELT (de fo rm i t i es ,  eroded f i n s ,  les ions ,  and tumors) 
anomalies a re  descr ibed i n  A l l i s o n  e t  a l .  (1977), Post (1983) and Ohio EPA 
1987a and inc lude  the  e f f e c t s  o f  b a c t e r i a l ,  v i r a l ,  fungal ,  and p a r a s i t i c  
i n f e c t i o n s ,  neop las t i c  diseases, and chemicals. An increase i n  the  frequency 
o f  occurrence o f  these anomalies i s  genera l l y  an i n d i c a t l o n  o f  s t ress  and 
environmental  degradat ion which may be caused by chemical p o l l u t a n t s ,  
overcrowding, improper d i e t ,  excessive s i l t a t i o n ,  and o ther  d is turbances.  
Blackspot I s  n o t  inc luded because t h e  presence and vary ing  degrees o f  
i n f e s t i o n  may be n a t u r a l  and no t  r e l a t e d  t o  environmental degradat ion ( A l l i s o n  
-- e t  a l .  1977; Berra and Au 1981). A l s o ,  ana lys i s  o f  Ohio data has shown no 
c l e a r  r e l a t i o n s h i p  between b lack  spot  and stream degradat ion ( W h i t t i e r  e t  a l .  
1987). 
r e l a t i o n s h i p  w l t h  environmental  degradat ion a l though t h e i r  e f f e c t s  can 
resemble and lead t o  tumors, de fo rm i t i es ,  and les ions .  P r i o r  t o  us ing  t h i s  
met r ic ,  Ohio EPA (1987a) should be r e f e r r e d  t o  f o r  cons is ten t .da ta  record ing  
procedures and as a re fe rence f o r  s p e c i f i c  anomalies inc luded I n  each category.  

Other p a r a s i t e s  a re  a l s o  excluded due t o  the  lack  o f  a cons is ten t  

I n  Ohio, t h e  h ighes t  inc idence o f  DELT anomalies occurs i n  f i s h  c o r n u n i t i e s  
downstream f rom discharges o f  i n d u s t r i a l  and munic ipa l  wastewater, and areas 
subjected t o  the  I n t e r m i t t e n t  s t resses f rom combined sewers and urban runo f f .  
Leonard and Orth (1986) found t h a t  t h i s  m e t r i c  showed cons is ten t  and marked 
responses between inc reas ing  inc idence o f  anomalies and increas ing  stream 
degradat lon.  Ka r r  e t  a l .  (1986) r e p o r t  t h a t  t he  pr imary range o f  s e n s i t i v i t y  
f o r  t h i s  m e t r i c  i s  t he  low end o f  t he  I B I .  We have a l s o  observed t h i s  m e t r i c  
t o  f u n c t i o n  w e l l  I n  s i t u a t i o n s  where s t r u c t u r a l  measures ( i . e .  species 
r ichness,  numbers, biomass) I n d i c a t e  improv ing cond i t i ons .  For example, 
mod i f i ed  Iwb scores I n d i c a t i v e  o f  near complete recovery i n  t h e  Sc io to  R lver  
downstream f rom Columbus were accompanied by DELT values grea ter  than 3%. 
This observa t ion  shows t h a t  subacute s t resses a re  present  and t h a t  recovery I s  
n o t  as complete as t h e  s t r u c t u r a l  measures alone i n d i c a t e .  
can a l s o  represent  t h e  in te rmed ia te  t o  h igh  range o f  f i s h  co rnun i t y  
s e n s i t i v i t y  t o  environmental  s t ress .  

Thus t h i s  m e t r i c  

Wading and Boat S i t e s  

Both t h e  sco r ing  method and c r i t e r i a  f o r  t h i s  me t r i c  d i f f e r s  f rom K a r t - e t  a l .  
(1986) and was developed by ana lyz ing  wading and boat method data f rom-  - 
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re fe rence s i t e s  sampled I n  Ohio between 1983 and 1986. For wadlng s i t e s ,  the 
medlan DELT anomalies was rounded t o  0.1% f o r  the  h lghes t  expected score 
(between 5 and 3)  and the  9 0 t h  p e r c e n t i l e . v a l u e  (1.3%) was used f o r  
de termin ing  the  c r i t e r i a  between 3 and 1. For boat  s l t e s ,  t he  medlan DELT 
anomalles was 1.06% and the  90 th  p e r c e n t i l e  was 4.6%. A c r i t e r i a  o f  0.5% was 
chosen f o r  d l s t i n g u l s h l n g  between 5 and 3 and the  75 th  p e r c e n t i l e  (3.0%) was 
used for t he  c r i t e r l o n  s t r o n g l y  d e v i a t i n g  f rom the  expected (between 3 and 
1) .  Ne found t h a t  one f l s h  would exceed the  0.5% c r i t e r i a  when the  sample 
s i z e  conta lns  l ess  than 200 f lsh.. One f l s h  u l t h  a DELT anomaly would be 
accepted a t  a s i t e  and two f i s h  a t  a '3" s l t e ,  so these c r i t e r i a  a re  used 
when a r e l a t l v e  abundance o f  less  than 200 f l s h  I s  recorded. 

Headwaters S i t e s  

The same c r i t e r i a  used f o r  t h e  wading s i t e s  a re  a l s o  used f o r  headwaters s i t e s  
(Tab le  4 -7 ) .  

. 

4-54 



DOC. 0048e/0014e Users Manual 
0 0  s s o  

October 30, 1987 

Procedure No. WQHA-SWS-6 Date Issued 11/02/87 
R e v i s i o n  No. 1 'I E f f e c t i v e  11/02/87 

Table 4-5. Index o f  B i o t i c  I n t e g r i t y  m e t r i c s  and s c o r i n g  c r i t e r i a  based on 
f i s h  community d a t a  f rom more than 300 r e f e r e n c e  s i t e s  th roughout  
Ohio. These c r i t e r i a  app ly  t o  wading s i t e s  o n l y  (sampler types 0, 
E, and F a t  s i t e s  >20 sq. m i . ;  Ohio EPA 1987a).  

Scor inq  C r i t e r i a  

Cat ego r y M e t r i c  5 3 1 

Species compos i t ion  T o t a l  species Var ies  w i th  dra inage area ( F i g .  4-2) 

D a r t e r  species Var ies  w i t h  d ra inage area ( F i g .  4-4) 

S u n f i s h  species >3 2-3 <2 

Sucker species Var ies  w i t h  d ra lnage area ( F i g .  4-10) . 
I n t o l e r a n t  species 
4 0 0  sq. m i .  >5 3-5 <3 

> l o 0  sq .  m i  . Var ies  w i t h  d ra inage area ( F i g .  4-13) 

X T o l e r a n t  (no.)  Var ies  w i t h  d ra inage area ( F i g .  ~ 4 - 1 6 )  

Troph ic  compos i t lon  X Omnivores 4 8 . 6  18.6-34.3 >34.3 

f i s h  c o n d i t i o n  

X I n s e c t i v o r e s  
- <30 sq.  m i .  Var ies  w i t h  d ra inage area ( F i g .  4-20) 

>30 sq. m l  . >54.6 26.3-54 .'6 <26.3 

X Top c a r n i v o r e s  >5 1-5 <1 

X Simple L i t h o p h l l s  >36 18-36 <1 8 

X DELT Anomalles <0.1" 0.1-1.3b >1.3 

F i s h  numbersC >7 50 200-750 <zoo 

~ 

a o r  >1 i n d l v i d u a l  a t  s i t e s  w i t h  <200 t o t a l  f i s h .  
o r  >2 i n d i v i d u a l s  a t  s i t e s  w i t h  <200 t o t a l  f i sh .  
exc ludes t o l e r a n t  species;  s p e c i a l  s c o r i n g  procedures a r e  used when 
r e l a t i v e  numbers a r e - l e s s  than.200/0.3 km-(see Appendix 6 ) .  

. .. 
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Table 4-6. Index o f  B i o t i c  I n t e g r i t y  me t r i cs  and scor ing  c r i t e r i a  based on 
f i s h  c o r n u n i t y  da ta  f rom more than 300 reference s l t e s  throughout 
Ohio. These c r i t e r i a  app.ly t o  boat s l t e s  on ly  (sampler types A and 
8; Ohio €PA 1987a). 

Category M e t r i c  

Scor ing C r i t e r i a  

5 3 1 

Species composi t ion T o t a l  species 

X Round-bodied 
Suckers 

Sunf ish  species 

Sucker species 

I n t o l e r a n t  species 

X Toleran t  (no.)  

T roph ic  compos l t lon  X Omnivores 

X I n s e c t i v o r e s  

X Top carn ivores  

10-20 

19-38 

2-3 

' 3-5 

2-3 

15-27 

16-28 

27-54 

5-7 0 

F i s h  c o n d i t i o n  X Simple L i t h o p h i l s  
- x600 sq. m i .  >50 25-50 <25 

>600 sq. m i .  Var les w i t h  dralnage area (F ig . ,4 -29)  

X DELT Anomalies <O.Sa 0.5-3 - 0  >3.0 

F l sh  numbers' <200 200-450 >450 

a or >1 I n d i v i d u a l  a t  s i t e s  w i t h  <200 t o t a l  f i s h .  
or >2 i n d i v i d u a l s  a t  s i t e s  w i t h  <200 t o t a l  f i s h .  
exc ludes t o l e r a n t  species;  spec ia l  scor ing  procedures a re  used when 
r e l a t i v e  numbers a r e  l ess  than 200/km (see Appendix B ) .  
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Table 4-7. Index o f  B i o t i c  I n t e g r i t y  m e t r i c s  and s c o r i n g  c r i t e r i a  based on . 

f i s h  comnunlty d a t a  .from more than 300 r e f e r e n c e  s i t e s  throughout  
Ohio. These c r l t e r l a  app ly  t o  headwaters s i t e s  o n l y  (sampler types 
0, E, F ,  and G a t  s i t e s  <20 sq. mi; ;  Ohio €PA 1987a).  

S c o r i n q  C r i t e r i a  

Category M e t r i c  5 3 1 

Species compos i t ion  T o t a l  species Var ies  w i t h  d ra lnage area ( F i g .  4-2) 

D a r t e r s  + s c u l p i n  Var ies  w i t h  d ra inage area ( F i g .  4-5) 

Headwater species >3 2-3 <2 

Minnow species Var ies  w i t h  dra inage area ( F i g .  4-12) 

S e n s i t i v e  sp.a Var ies  w i t h  d ra inage area ( F i g .  4-15) 

X T o l e r a n t  (no.)  

> l o  sq. m i .  Var ies  w i t h  d ra inage area ( F i g .  4-16) 
- 4 0  sq. m i .  <34 34-57 >57 

Troph ic  cornposi t lon X Pioneer ing  sp. <30 30-55 >55 

X Omnlvores Var ies  w i t h  d ra inage area ( F i g .  4-18) 

X I n s e c t i v o r e s  Var ies  w i t h  d ra inage area ( F i g .  4-20) 

F ish c o n d i t i o n  Simple L i t h o p h i l s  Var ies  w i t h  d ra lnage area ( F i g .  4-30) 

X DELT Anomalies <0.1Ob 0.10-1 .3OC >1.30 

F ish numbersd 
- <8 sq. m i .  Var les  w i t h  d ra inage area ( F i g .  4-26) 
>8 sq. m i .  >7 50 200-750 <200 

a i n c l u d e s  I n t o l e r a n t  and moderate ly  i n t o l e r a n t  spec ies (Appendix 8). 
b o r  >1 i n d i v i d u a l  a t  s i t e s  w i t h  <200 t o t a l  f l sh .  
C or >2 i n d l v l d u a l s  a t  s l t e s  w i t h  <200 t o t a l  f i s h .  
d exc ludes t o l e r a n t  species;  s p e c i a l  s c o r i n g  procedures a r e  used when 

_ _  r e l a t i v e  -~ numbers a r e  l e s s  than 200/0.3 km (see Appendix 8). - - .. 
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C a l c u l a t i o n  and I n t e r p r e t a t i o n  o f  161 Scores 

Kar r  et d. (1986) descr ibes e i g h t  steps f o r  t he  j o g l c a l  sequence o f  IBI 
c a l c u l a t i o n  (Table 4-8). 
m e t r i c ,  has been completed us ing  re fe rence s i t e  data from across Ohio. 
3,  ass ign ing  species t o  t r o p h i c  gu i l ds ,  and Step 4, i d e n t i f i c a t i o n  o f  
I n t o l e r a n t  species, I s  a l s o  complete (see Appendix 8, Table 8-3) .  The 
f o l l o u l n g  d e s c r i p t i o n  o f  Step 2 and Steps S-8 cover hand c a l c u l a t i o n  o f  IBI  
scores. Computer genera t ion  of IBI scores, w i t h  appropr ia te  caut lons,  I s  
discussed l a t e r .  

Step 1, developing expectat ion c r i t e r i a  f o r  each 
Step 

Step 2 cons is t s  o f  t a b u l a t i n g  a l i s t  o f  species ( i n  taxonomic o rder )  captured 
I n  a survey and t a l l y i n g  i n  columns the  r e l a t i v e  number o f  each species a t  
each s i t e .  
l i s t e d  I n  Appendix 8, Table 8-3. 

Trophic g u i l d s  and i n t o l e r a n c e  s ta tus  f o r  Ohio f i s h  species are  

I n  Step 5, t he  b i o l o g i c a l  i n f o r m a t i o n  needed f o r  each me t r i c  I s  sumnarized i n  
a worksheet s i m i l a r  t h a t  i n  Table 4-9 compiled f o r  t he  Hocking River .  Actual 
va lues (e.g., number o f  d a r t e r  species) should be placed I n  the  parentheses. 
I t  works bes t  t o  use separate sheets f o r  each d i f f e r e n t  sampling method 
a p p l i c a t i o n  (1.e:wading s i t e s  vs. headwaters sites,,boat s i t e s  vs. wading 
s i t e s ,  e tc . )  because each have d i f f e r e n t  scor ing  c r i t e r i a .  The dralnage area 
o f  each s i t e  should a l s o  be l i s t e d  (see Appendix E). 

Step 6 i nvo lves  r a t i n g  each m e t r i c  f o r  each s i t e  sampled. 
I n  Tables 4-5 ,  4-6, and 4-7 and i n  t h e  i n d i v i d u a l  f i g u r e s  f o r  t h e  f i v e  met r ics  
t h a t  vary  w i t h  dra inage area. 
approximates what I s  expected a t  a re ference s i t e ,  a '3" dev iates somewhat 
from, and a 9" s t r o n g l y  dev ia tes  f rom t h a t  expected a t  an app l l cab le  
re fe rence  s i t e .  Care should be taken so t h a t  wading s i t e s ,  boat s i t e s ,  and 
headwaters s i t e s  samples a re  scored separately. I n  severe ly  impacted streams 
w i t h  l ess  than 200 i n d i v i d u a l s  per 0.3 km (wading s i t e s ,  headwaters s i t e s )  o r  
p e r  1.0 km (boat  s i t e s ) ,  some o f  t h e  conventions f o r  scor ing  the  p ropor t l ona l  
m e t r i c s  (except f o r  percent  t o l e r a n t  species) a re  a l t e r e d  f o l l o w i n g  t h e  
guidance i n  Appendix 8. 

C r i t e r i a  a re  found 

The sco r ing  I s  arranged so t h a t  a " 5 "  

Step 7 I s  s imply  t h e  sumning o f  t h e  twelve me t r i c  scores f o r  each s i t e ,  The 
maxImum score p o s s i b l e  I s  60 (no pe r tu rba t i on ) ;  t he  minimum score, where a l l  
m e t r i c s  dev ia te  s t r o n g l y  f rom t h a t  expected a t  an app l i cab le  re ference s i t e ,  
I s  12 (ext remely degraded). 

Step 8 cons is t s  o f  ass ign ing  i n t e g r i t y  classes t o  t h e  scores t h a t  r e f l e c t  a 
genera l  q u a l i t a t i v e  sumnary o f  t h e  c o n u n i t y  t h a t  non-professionals can 
understand and t h a t  a r e  used t o  determine whether a stream I s  meetlng i t s  
ass igned use des ignat ion.  Th is  I s  dlscussed I n  Sect ion 6, .Der ivat ion o f  
B i o l o g i c a l  C r i t e r i a m .  The procedure used t o  ass ign these categor ies i n  Ohio 
streams, which d i f f e r s  somewhat f rom the  classes suggested by Kar r  d. 
(1986). I s  discussed I n  t h i s  sec t ion .  

, 
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Table 4-8. The e i g h t  steps I n  the  c a l c u l a t i o n  and i n t e r p r e t a t i o n  o f  the Index 
o f  B i o t i c  I n t e g r i t y  as descr ibed by Kar r  e t  a l .  (1986) and 
a p p r o p r i a t e l y  mod i f ied  f o r  use i n  Ohio. 

App l icab le  Figs., 
Step - Desc r ip t i on  Ohio EPA A p p l i c a t i o n  Tables, Appendix 

. ..,. . .  
_. .- 

1. Develop expec ta t ion  c r i t e r i a  
f o r  each IBI m e t r i c .  

Stream Reg iona l l za t l on  
P r o j e c t  study design. 

F igs.  2-1; 4 -2  
through 4-29; 
Tables 4-1 t h r u  
4-7.  

. .  ... .. . 2. Tabulate number o f  f i s h  by 

3 .  Assign species t o  t r o p h i c  

4. I d e n t i f y  species to lerances.  

species. 

g u i  Ids.  

F i s h  I n fo rma t ion  
System (FINS). 

L i t e r a t u r e  rev iew 
Kar r  a. (1986) 

Appendlx B,  
Table 8-3.  

+, ... 

'Appendix B, 
Table 8-3. 

Appendix B - based on 
s ta tewlde  data base 
and Trautman (1981). 

.. .. . .  

5. S u m r i z e  i n f o r m a t i o n  f o r  
each I B I  me t r i c .  

Depends '' on app 1 1 c a t i o n  
(wading, boat, head- 
waters).  

.Table 4-1; 

6. Rate each 161 m e t r i c  accord- 
i n g  t o  c r i t e r i a  developed. 

Fo l low gu ide l i nes  f o r  
each a p p l i c a t i o n  
(wading, boat, head- 
waters) .  

Tables 4-5 . 
through 4-7; 

- F igs.  4-2 t h r u  
4-29. 

7. Ca lcu la te  t o t a l  IBI score. Do by hand o r  use 
computer ass is tance.  

8. Convert t o t a l  I B I  score t o  
one o f  f i v e  I n t e g r i t y  c lasses. 

Ohio b i o l o g i c a l  
c r i t e r l a  f o r  WQS 
use a t ta inmen thon-  
at ta inment .  

See Table 7-1 
and consu l t  
Sect ion 8. 
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Table 4-9. Evaluation of  the f i s h  cornuni ty a t  two s i t e s  i n  the upper Hocking 
River dur ing August-September, 1982 using the Index of B i o t i c  
I n t e g r i t y  modif ied f o r  app l i ca t i on  t o  Ohio waters (boat s i t e s ) .  
Scores are assigned based on whether the i n d i v i d u a l  metr ic  values 
( i n  parentheses) approximate ( 5 ) *  p a r t i a l l y  deviate (3). or  
s t rongly  deviate (1) from what I s  expected i n  a l e a s t  Impacted 
stream or r i v e r .  

Sampling S ta t i on  (River M i l e )  

IBI Metr ics  82.4 82.4 , 82.4 78.3 78.3 78.3 

NUMBERS OF 
T o t a l  Species 1( 6 ) 1( 5 ) l (  4 ) 3( 16) 3( 14) 3( 14) 

PROPORTION OF INDIVIDUALS ( X I  
Round-bodied Suckers 1( 4 ) 1( 0 ) 1( 4 ) 3( 19) 3( 32) 3( 34) 
Omnivores 1( 70) 1( 67) 1( 76) l( 53) 1( 41) 1( 38) 
I nsec t i vo res  1( 22) 1( 19) 1( 20) 3( 36) 3( 54) 3( 50) 
To le ran t  Species 1( 85) 1( 86) 1( 92) 1( 60) 1( 44) 1( 42) 
l o p  Carnivores 3( 7 1 3( 7 1 1( 4 1 3( 5 1 4 1 3( 10) 

Simple L i  t hoph i l  s 1( 22) *  1( 7 ) *  1( 8 ) *  5( 60) 5 (  72) 5( 57) 
Anomalies 1( 0 )' 1( 0 ) *  1( 0 ) *  S( 0 ) 5( 0 ) 5( 0 ) 

Index Value 16 1 4  14 34 30 34 

Drainage Area 334 334 334 437 4 37 437 

+ these metr lcs are adjusted because o f  low o v e r a l l  numbers according t o  the 
guide l ines f o r  "low-end" scoring. 
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Extremely Few Numbers ("Low-end Scor ing")  

Samples w i t h  extremely low numbers I n  the  ca tch  can present  a scor ing  problem 
I n  some o f  t he  p r o p o r t i o n a l  me t r l cs  unless c e r t a i n  adjustments a re  made. 
Aquat ic h a b i t a t s  t h a t  a re  severe ly  impacted by s t rong pe r tu rba t i ons  (e.g. 
t o x i c  substances, a c i d  mine drainage) u s u a l l y  have a severe d i s r u p t i o n  o f  the 
food base and very low numbers o f  I n d l v i d u a l s .  A t  such low popu la t i on  s izes  
the  normal s t r u c t u r e  o f  t he  comnunity i s  unpred ic tab ly  a l t e r e d .  The 
p r o p o r t i o n  o f  omnivores, i nsec t i vo rous  f i s h e s ,  and percent  a f f e c t e d  by 
anomalies do n o t  always match expected t rends i n  such s l t u a t l o n s .  Although 
these me t r l cs  would be expected t o  dev ia te  s t r o n g l y  f rom the  expected i n  such 
areas (1.e. score a 1 )  t h i s  i s  n o t  always the  case. I n  f a c t  the absence o r  
low p r o p o r t i o n  o f  these me t r i cs  r e s u l t s  i n  m e t r i c  scores t h a t  r e f l e c t  the  
oppos i te  of t he  o v e r a l l  s i t u a t i o n .  

A 

Scor ing very degraded s i t e s  w i thou t  mod i fy ing  scor ing  c r i t e r i a  f o r  the  
p r o p o r t i o n a l  me t r i cs  can over ra te  the t o t a l  I61 score f o r  these s i t e s .  To 
remedy t h i s  s i t u a t i o n  we examined data f r o m  known impacted s i t e s  t o  determlne 
a r e l a t i v e  numbers c r i t e r i o n  below which an a l t e r n a t i v e  scor ing  mechanism 
(1.e. " low end sco r ing " )  i s  used f o r  t h e  p r o p o r t i o n a l  me t r l cs .  These problems 
a re  encountered when r e l a t i v e  numbers a r e  fewer t h a n 3 0 0  I n d i v i d u a l s  per 0.3 
km (wading) o r  1.0 km (boa t ) .  When 200 and fewer i n d i v i d u a l s  a re  recorded the  
guidance i n  Table 4-10 i s  used making 181 sco r ing  mod i f i ca t i ons .  This was 
developed by examining the  r e a c t i o n  o f  t he  IBI met r l cs  f o r  moderately and 
severe ly  impacted s i t e s  (Appendix A ) .  

Dur ing the  process o f  t a l l y i n g  ca tch  r e s u l t s ,  s u r n a r i z l n g  b i o l o g i c a l  
i n fo rma t ion  f o r  each me t r i c ,  and scor ing  each me t r i c ,  t h e  b i o l o g i s t  should be 
assessing t h e  co rnun i t y  and examining whether the  scor ing  approximates the  
conceptual  model o f  an a p p l i c a b l e  re ference s i t e  o r  whether t h e  s i t e  they are  
examining i s  anomalous f o r  one reason o r  another.  The inhe ren t  redundancy of 
t he  I61 should g r e a t l y  reduce t h e  p o s s i b i l i t y  o f  such anomalies. The 
p o s s i b i l i t y  does e x i s t ,  however remote, f o r  t he  161 t o  " i n c o r r e c t l y "  
cha rac te r i ze  a s i t e ;  thus the  b i o l o g i s t  should have a thorough knowledge o f  
t he  l o c a l  fauna and the  data.  T h i s  i s  one reason why t h e  Ohio EPA r e l i e s  on 
m u l t i p l e  measures (I61 and I&) and m u l t i p l e  organism groups ( f i s h  and 
i n v e r t e b r a t e s )  t o  make dec is ions  on complex water q u a l i t y  issues.  Guidel ines 
f o r  t h e  use o f  t he  IBI as a water q u a l i t y  c r i t e r i o n  i s  discussed f u r t h e r  i n  
Sec t ion  7, .B io log ica l  C r i t e r i a  f o r  Ohio Surface Waters". 

The above caveats a r e  purposely mentioned p r i o r  t o  the  d e s c r i p t i o n  o f  computer 
generated 161 scores. Kar r  e t  a l .  (1986) g i v e  s t rong caut ions about the  
p o s s i b l e  misuses o f  t he  IBI i n c l u d i n g  computer generated score c a l c u l a t i o n s .  
T o t a l  IBI scores themselves, ca l cu la ted  w i t h o u t  an in-depth ana lys i s  o f  t h e  
f i s h  comnunlt ies,  can be an i napprop r ia te  measure o f  environmental q u a l i t y .  
However, when the  components o f  t h e  IBI and t h e  f i s h  co rnun i t y  a re  examined by 
a t r a i n e d  b i o l o g i s t ,  computer genera t ion  o f  I61 scores can serve t o  enhance 

the  t ime a v a i  l a b l e  f o r  IBI sco re  Interprets-ti‘on. 
- the  o v e r a l l  eva lua t i on  by reducing t i m e  spent on c a l c u l a t i o n s  and Inc reas ing  

- -  
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Table 4-10. Guidelines f o r  scoring the proportional metrics o f  the 161 In 
severely impacted streams in Ohio with less than 200 Individuals 
per 0.3 km (wading methods) or per 1.0 km (boat methods). "Total 
individualsn in this table refers to relative number. 

Metric Guidelines for IBI Scoring Modifications 

Proportion as For wading sites results we recomnend assigning a score 
OmnI vores of '1" for this metric with less than 50 total 

individuals. With 50-200 total Individuals a score of '1" 
Is assigned when species considered as generalist feeders 
are numerically dominant. In Ohio creek chub and 
blacknose dace are the generalist feeders that usually 
predominate in these situations. The same procedure i s  
used for boat sites results. For  headwaters sites less 
than 8 s q .  mi. drainage area, the numbers cutoff changes 
from 200 to 25, reflecting the feyer expected individuals 
at these sites. 

Proportion as 
Insectivores 

At sites with a high proportion of insectivorous species 
and less than 50 total individuals (25 individuals at 
headwaters sites <8 sq. mi.) a score of '1" is 
automatically assigned. At sites with 50-200 total 
Individuals this metric can be scored ''1'' i f  this metric 
is predominated by either striped shiner, comnon shiner, 
or spotfin shiner, species that can act as omnivores under 
certain conditions (Angermeier 1985). 

Proportion as At boat sites the levels of top carnivores that would 
Top Carnivores normally attain a score of " 5 "  at sites with less than 200 

total individuals should be scored a nl", dependent on the 
judgement of the biologist involved in scoring. A simialr 
procedure should be used at sites sampled with wading 
methods if the high proportion o f  top carnivores is due to 
a predominance of grass pickerel In Impacted areas. 

Proportlon as This metric always scores a "1" at sites with less than 
Simple Lithophlls SO total individuals; however, this is rarely different 

from its score without the adjustment. This applies at 
both wading and boat sites. No adjustment is necessary at 
headwaters sites. 
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Table 4-10. (continued). 

Netric Guidelines for IBI Scoring Modifications 

Proportion uith Sites uith less than 50 total individuals are scored a I'1" 

Sites uith 50-200 total individuals are also scored a "1" 
I f  circumstances suggest that DELT anomalies may be 
underestimated. A predominance of young fish that have 
not 
score a * l a .  

DEL1 Anomalies for this metric (25 indivlduals at headuaters sites). 

anomalies may also be sufficient reason to 

Proportion as 
Pioneering Species 

At headuaters sites this metric is scored a '1l' i f  there 
are less than 50 total individuals at >8 sq. mi., and 25 
at <8 sq. mi. . 

Proportion as No adjustments are necessary for this metric. 
To 1 erants 

Proportion as 
Round-bodied 
Suckers 

No adjustments are necessary for this metric. 
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Index of  Well-Being 

The results of  river studies in which the Index o f  Well-Being ( Iwb)  was used 
have shown a positlve relationship between this Index and the quality o f  the 
water and habitat. This approach relies on the assertion that least impacted 
stream segments support a larger variety and abundance of fish than stressed 
segments In the same system. This hypothesls has been tested and verified in 
several different situations (Gamnon 1976; WAPORA 1978; Gamnon et al. 1981; 
Yoder et a. 1981; Ohio €PA 1982) and confirms the val'ue that this method has 
for monitoring environmental quality, measuring the effectiveness o f  water 
pollution control programs, and determining attainment o f  Clean Water Act 
goals (1.e. fishable waters, biological Integrity). The Ohio €PA has used a 
set o f  guidelines employing ranges of the Iwb and narrative descriptions o f  
cornunity structure and function to assist in establishing attainable use 
criteria and to determine attainment o f  Clean Water Act goals since 1980 (see 
Section 8 ) .  

The Iwb incorporates four measures of  fish comnunlties that have 
traditionally been used separately; numbers of individuals, biomass, and the 
Shannon diversity index (H) based on numbers and weight (two separate 
calculations). The computational formulas for the Iwb and Shannon index are 
given in Table 4-11. Relative abundance (numbers and weight) data are derived 
from pulsed D.C. electrofishing catches where sampling effort Is based on 
distance rather than time (Gamnon 1976). Ohio €PA bases relative abundance on 
a per kilometer basis for boat methods and on a 0.3 kilometer basis for wading 
methods (Ohio EPA 1987a). 

The I& presents some advantages over the IBI particularly in the 
calculation o f  site scores. Unlike the IBI the I& is the result o f  a 
mathematical calculation based on the results of standardized sampling. While 
this m a y  appear to be an undesirable attribute based on the cautions given by 
Karr et al. (1986), we view this as an advantage In having a result that is 
comparable from site to site, as long as field sampling is performed accordlng 
t o  speclflcations (Ohio €PA 1987a). In addition we have found that the 
additional collection o f  biomass data (required to calculate the Iwb) is not 
a significant expenditure of  time as long as subsampling techniques are used 
(Append1 x C) . 
A modification of the original Iwb was recently developed (Appendix C) which 
makes the Index more sensitive to a wider array of environmental disturbances, 
particularly those that result In shifts In comnunity composition without 
large reductions in species richness, numbers, and/or biomass. The modified 
Iwb retains the same computational formula as the conventional Iub 
developed by Gamnon (1976). 
species, hybrids, or exotic species are eliminated from the numbers and 
biomass components of the Tub. However, they are included in the two 
Shannon index calculations. This modification eliminates the "undesired" 
effect caused by a high abundance of tolerant species, but retains their 

The difference Is that any of 13 highly tolerant 
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Table 4-11. Computatlonal formulae f o r  t h e  mod i f ied  index o f  we l l -be lng  
(Irk) and t h e  Shannon d l v e r s i t y  index. 

H o d l f i e d  Index o f  Well-Belnq (Iwb) 

Irk = 0.5 I n  N + 0.5 i n  B + R (no.) + R (ut.) 

where: 

N = r e l a t i v e  numbers o f  a l l  species exc lud ing  specles deslgnated 
.highly to le ran t .  (Appendix 6 ,  Table 8-3). 

6 = r e l a t i v e  ue lgh ts  o f  a l l  specles exc lud lng  specles deslgnated 
.h igh ly  to le ran t .  (Appendlx B, Table B-3): 

- 
H (no.) = Shannon d l v e r s l t y  index based on numbers. 

H (ut.) = Shannon d l v e r s l t y  index based on numbers. 
- 

Shannon D l v e r s i t y  Index 

log, *(nj  1 
N 

where; 
n l  I r e l a t i v e  numbers or  weight  of t he  i th .spec les  
N = t o t a l  number o r  u e l g h t  o f  t he  sample 

.. . . 
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.desired" i n f l u e n c e  on the  Shannon ind i ces .  We have a l s o  found t h a t  examining 
t h e  d l f f e r e n c e  between the  o r i g i n a l  I& and mod i f i ed  Iub can be of  value. 
An inc reas ing  d i f f e r e n c e  between the  mod i f i ed  and o r i g i n a l  Iub I s  a d i r e c t  
i n d i c a t i o n  o f  t h e  i n f l u e n c e  o f  t o l e r a n t  species which i n  t u r n  I s  c o r r e l a t e d  
w i t h  a l o s s  o f  i n t e g r i t y  I n  t h e  f I s h  comnunity. 

C a l c u l a t i o n  o f  mod i f i ed  Ivb scores f o r  e l e c t r o f i s h i n g  samples I s  bes t  
performed w i t h  the  a i d  o f  a computer. 
r i g o r o u s  than t h e  161 s lnce s tandard ized r e l a t i v e  numbers and biomass data i s  
r e q u i r e d  and t h e  Shannon index and Ivb c a l c u l a t i o n s  themselves i n v o l v e  l o g  
f u n c t i o n s .  Other requirements i nc lude  sampling e f f o r t  based on d is tance 
f o l l o w i n g  the  procedures o u t l i n e d  i n  Ohio EPA (1987a). Data c o l l e c t e d  I n  any 
d i f f e r e n t  manner w l l l  s imply n o t  be comparable t o  t h e  Ohio €PA re ference s i t e  
da ta  base. 

The da ta  requirements a re  somewhat more 

. 
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SECTION 5: BIOLOGICAL DATA EVALUATION: HACROINVERTEBRATES 

Macro lnver tebra tes  have been w i d e l y  used na t lonwlde  f o r  many years I n  
p o l l u t i o n  s t u d i e s  I n v o l v i n g  f l o w i n g  waters.  
m a c r o l n v e r t e b r a t e  comnunl t les have been c o l l e c t e d  and analyzed s l n c e  t h e  
Agency's l n c e p t l o n  I n  1973 i n  an e f f o r t  t o  p r o v i d e  b l o l o g l c a l  d a t a  t o  be used 
I n  t h e  water  q u a l l t y  m o n i t o r i n g  process. To date,  d a t a  has been c o l l e c t e d  a t  
l e a s t  one t l m e  f rom over  1500 l o c a t i o n s  d l s p l a y l n g  a wlde v a r l e t y  o f  water  
q u a l l t y  c o n d l t l o n s  w l t h l n  t h e  s t a t e .  

Aquat ic  macro lnver tebra tes  a r e  animals  w l t h o u t  backbones t h a t  a r e  l a r g e  enough 
t o  be seen by t h e  unaided eye, can be r e t a i n e d  by a U.S. Standard t30 mesh 
s e l v e  (0.595 mn openlngs), and l l v e  a t  l e a s t  p a r t  o f  t h e i r  l l f e  c y c l e s  w l t h l n  
or upon a v a l l a b l e  s u b s t r a t e s  I n  a waterbody. 
I n c l u d e  organlsms such as c r a y f i s h ,  s n a i l s ,  clams, a q u a t l c  worms, and, by f a r  
t h e  most predomlnant, l a r v a l  forms and some a d u l t s  o f  severa l  I n s e c t  o rders .  
As a group, t h e y  have a number o f  c h a r a c t e r l s t l c s  t h a t  make them u s e f u l  as 
I n d i c a t o r s  o f  env l ronmenta l  q u a l l t y :  

A t  t h e  Ohio EPA, 

Stream macro lnver tebra tes  

they  f o r m  permanent, r e l a t l v e l y  l m n o b l l e  s t ream c o m u n l t l e s ;  

they  can be e a s i l y  c o l l e c t e d  i n  l a r g e  numbers l n  even t h e  s m a l l e s t  o f  

. 
streams ; 

they  can be e a s i l y  sampled a t  r e l a t l v e l y  low c o s t  per  sample; 

they  a r e  q u l c k  t o  r e a c t  t o  env l ronmenta l  change; 

they  occupy a l l  s t ream h a b l t a t s  and, even w i t h i n  f a m l l y  and g e n e r i c  
groupings, d i s p l a y  a wlde range o f  f u n c t l o n a l  f e e d i n g  pre ferences  
( l .e .  p redators ,  c o l l e c t o r s ,  shredders, scrapers) ;  

they  I n h a b i t  t h e  m l d d l e  o f  t h e  a q u a t i c  food web and a r e  a major  source 
o f  food f o r  f i s h  and o t h e r  a q u a t l c  and t e r r e s t r l a l  anlmals;  and 

taxonomy has developed I n  r e c e n t  years t o  t h e  p o l n t  where species 
l e v e l  l d e n t l f l c a t l o n s  Of many l a r v a l  forms a r e  a v a i l a b l e  a long w i t h  
much env l ronmenta l  and p o l l u t l o n  t o l e r a n c e  I n f o r m a t i o n .  

Species compos i t ion  and comnunlty s t r u c t u r e  o f  s t ream macro lnver tebra tes  a r e  
determined by env l ronmenta l  f a c t o r s  t h a t  have e x l s t e d  throughout  t h e  l l f e  
spans o f  t h e  organlsms. Consequently, most types o f  env l ronmenta l  
d ls tu rbance,  whether l o n g  or s h o r t  term, can a l t e r  t h e  e x l s t l n g  comnunlty 
s t r u c t u r e .  
t h e  d u r a t l o n  and s e v e r l t y  o f  t h e  env l ronmenta l  change. 

The d u r a t l o n  and magnltude o f  c o m u n l t y  a l t e r a t l o n s  depend upon 

L v a l u a t l o n s  u s l n g  macro lnver tebra tes  a r e  based on t h e  f a c t  t h a t  c h a r a c t e r i s t i c  
assemblages o f  these organlsms occur i n  waters  o f  v a r y l n g  p h y s l c a l  and - 
chemlcal  p r o p e r t l e s .  I n  streams o f  h l g h  water  q u a l l t y  and s u i t a b l e  h a b i t a t ,  
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assemblages o f  these organisms occur i n  waters o f  vary ing  phys i ca l  and 
chemical  p r o p e r t i e s .  I n  streams o f  h i g h  water q u a l i t y  and s u i t a b l e  h a b i t a t ,  a 
s tab le ,  wel l -ba lanced macro inver tebrate co rnun i t y  usua l l y  e x i s t s .  The 
organisms i n  these areas a r e  u s u a l l y  l a r v a l  forms o f  predominant ly p o l l u t i o n  
s e n s i t i v e  I n s e c t  groups such as s t o n e f l i e s ,  mayf l ies ,  and c a d d l s f l l e s .  The 
most p o l l u t i o n  t o l e r a n t  groups such as sludgeworms, pulmonate s n a i l s ,  and many 
types o f  l a r v a l  d i p t e r a n  i nsec ts  (1.e. bloodworms) a r e  o f t e n  represented by a 
few species I n  low numbers. When environmental  q u a l i t y  i s  adverse ly  impacted, 
t h e  s e n s i t i v e  groups d e c l i n e  o r  a re  e l im ina ted  and t h e  few t o l e r a n t  organisms 
p resen t  g r e a t l y  Increase i n  number. A l l  types o f  organisms may be absent 
under extreme t o x i c  cond i t i ons .  . 

I n v e r t e b r a t e  Cornuni ty  Index (ICI) 

The p r i n c i p l e  measure o f  o v e r a l l  macro inver tebra te  co rnun i t y  c o n d i t i o n  used by 
t h e  Ohio €PA i s  the  I n v e r t e b r a t e  Cornuni ty  Index ( I C I ) ,  a measurement der ived  
inhouse f rom the  wea l th  o f  I n fo rma t ion  c o l l e c t e d  over the  years. The IC1 i s  a 
m o d i f i c a t i o n  o f  the Index o f  B i o t i c  I n t e g r l t y  ( I B I )  f o r  f i s h  developed by K a r r  
(1981) and exp la ined I n  d e t a i l  I n  Sec t ion  4 o f  t h i s  document. The IC1 
c o n s i s t s  o f  t en  s t r u c t u r a l  and f u n c t i o n a l  co rnun i t y  met r ics ,  each w i t h  four  
s c o r i n g  ca tegor ies  o f  6,4,2, and 0 p o i n t s  (Table 5-1). The p o i n t  system 
g e n e r a l l y  evaluates a sample aga ins t  the  database o f  r e l a t i v e l y  undis turbed 
re fe rence  s i t e s  (F igu re  2-3, Appendix A - 3 ) .  S i x  p o i n t s  w i l l  be scored i f  a 
g i v e n  m e t r i c  has a va lue comparable t o  those o f  except iona l  stream 
comnuni t ies,  4 p o i n t s  f o r  those m e t r i c  values c h a r a c t e r i s t i c  o f  more t y p i c a l  
good comnunit ies,  2 p o i n t s  f o r  m e t r i c  values s l i g h t l y  d e v i a t i n g  f rom the  
expected range o f  good values, and 0 p o i n t s  f o r  me t r i c  values s t rong ly  
d e v i a t i n g  f rom the  expected range o f  good values. The sumnation o f  the  
I n d i v i d u a l  m e t r i c  scores (determined by the  re levan t  a t t r i b u t e s  of a,n 
I n v e r t e b r a t e  sample w i t h  some cons ide ra t i on  g iven t o  stream drainage area) 
r e s u l t s  I n  t h e  IC1 value. Four sco r ing  ca tegor ies  were chosen because o f  t he  
h i s t o r i c a l  use by the  Ohio €PA o f  f o u r  l e v e l s  o f  b i o l o g i c a l  co rnun i t y  
c o n d i t i o n  (1.e. except iona , good, f a i r ,  poor)  a s j t u a t i o n  which (as de f ined 
above) I s  r e f l e c t e d  by t h e  me t r i c  score o f  a sample. The scor ing  ca tegor ies  
were c a l i b r a t e d  us ing  data f rom the  232 re fe rence s i t e s .  To determine the  
6 . 4 . 2 ,  and 0 values f o r  ea h IC1 m e t r i c ,  t h e  reference s i t e  database was 
p l o t t e d  aga ins t  dra inage area. Each m e t r i c  was v i s u a l l y  examined t o  
de termine i f  any r e l a t l o n s h i p  e x i s t e d  w i th  drainage area. When i t  was decided 
I f  a d i r e c t ,  inverse,  or no r e l a t i o n s h i p  ex is ted ,  t he  appropr ia te  95% l i n e  was 
es t ima ted  and t h e  area beneath quadr isected as determined by the  d i s t r i b u t i o n  
o f  t h e  re fe rence  po in ts .  Some percent  abundance and taxa r ichness ca tegor ies  
were n o t  quadr isected s ince  t h e  da ta  p o i n t s  showed a tendency t o  clump a t  o r  
near  zero.  I n  these s l t u a t l o n s ,  a q u a d r i p a r t i t e  method was used where one o f  
t h e  f o u r  sco r ing  ca tegor ies  Inc luded zero values only ,  and, I n  two cases, t he  
remain ing  sco r ing  ca tegor ies  were de l i nea ted  by an equal d i v i s i o n  o f  t he  
r e f e r e n c e  da ta  po in ts .  

The d e c i s i o n  t o  use the  t e n  me t r i cs  l i s t e d  was determined by ana lyz ing  the  
process by which 0hio.EPA s t a f f  b i o l o g i s t s  judge the  q u a l i t y  o f  a 
macro inve r teb ra te  sample. I n  e f f e c t ,  t he  index q u a n t i f i e d  a more sub jec t ive ,  
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Tab le  5-1. M a c r o l n v e r t e b r a t e  comnunity m e t r i c s  and c r i t e r i a  f o r  c a l c u l a t i n g  
t h e  I n v e r t e b r a t e  Comnunity Index ( I C I )  and I C 1  scores f o r  
e v a l u a t i n g  b i o l o g i c a l  c o n d i t i o n .  

Score 

M e t r i c  0 2 4 6 

1. T o t a l  Number o f  Taxa Var ies  w i t h  d ra inage area ( F i g .  5-1) 

2. T o t a l  Number o f  M a y f l y  Taxa Var ies  w i t h  dra lnage area ( F i g .  5-2) 

- ;  

3. T o t a l  Number of  C a d d i s f l y  Taxa Var ies  w i t h  d ra inage area ( F i g .  5-3) 

4. T o t a l  Number o f  D i p t e r a n  Taxa Var ies  w i t h  d ra inage area ( F i g .  5-4)  

5. Percent  M a y f l y  Cornposit ion 0 >o ,510 >10,125 >25 

6. Percent  C a d d i s f l y  Composi t ion Var ies  w i t h  d ra inage area ( F i g .  5-6) 

0 >0,510 > l o ,  52 5 >25 
7. Percent  T r i b e  T a n y t a r s l n i  

Midge Cornposit ion 

8. Percent  Other D l p t e r a n  and 
Non- Insect  Composi t ion Var ies  w i t h  d ra inage area ( F i g .  5-8) 

9. Percent  T o l e r a n t  Organisms Var ies  w i t h  d ra inage area ( F i g .  5-9) 
( f r o m  Tab le  5-2) 

10. T o t a l  Number of Q u a l i t a t i v e  
EPT Taxa Var ies  w i t h  d ra inage area ( F i g .  5-10) 

. .. 

-, 

.I , , 
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n a r r a t i v e  approach t h a t  was used p rev ious l y  (descr ibed i n  DeShon e t  a l .  
1980). 
t h a t  has incorpora ted  I n t o  I t  t e n  measurements t h a t ,  w l t h  var ious  degrees o f '  
e f fec t i veness ,  can and have o f t e n  been used t o  accomplish t h i s  task  
i n d i v i d u a l l y .  I t  was thought tha t ,  used as a set ,  these me t r i cs  would 
min imize  t h e  weaknesses and'draubacks each has separate ly .  Most ly  s t r u c t u r a l  
r a t h e r  than f u n c t i o n a l  components were used because o f  t h e i r  accepted 
h i s t o r i c a l  use, s lmpler  d e r i v a t i o n ,  and ease o f  I n t e r p r e t a t i o n .  Me t r i cs  1-9 
a r e  a l l  generated from t h e  a r t i f i c i a l  subs t ra te  sample data w h i l e  H e t r l c  10 i s  
based on the  q u a l i t a t i v e  sample data on ly .  

The end product  was a s l n g l e  number t o  evaluate b i o l o g i c a l  c o n d l t l o n  

. 
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M e t r i c  1. T o t a l  Number o f  Taxa 

The p l o t  o f  t h e  t o t a l  t a x a  m e t r i c  vs. d ra inage area i s  d e p i c t e d  I n  F l g u r e  
5-1. Taxa r i c h n e s s  has h i s t o r l c a l l y  been a key component l n  most a l l  
e v a l u a t i o n s  o f  m a c r o i n v e r t e b r a t e  i n t e g r i t y .  The u n d e r l y i n g  reason i s  t h e  
b a s i c  e c o l o g i c a l  p r i n c i p l e  t h a t  h e a l t h y ,  s t a b l e  b i o l o g i c a l  c o r n u n i t i e s  have 
h l g h  species r i c h n e s s  and d i v e r s i t y .  As can be seen by t h e  s c a t t e r p l o t  t h e  
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M e t r i c  2. Number o f  M a y f l y  Taxa 

M a y f l i e s  a r e  an i m p o r t a n t  component o f  an und is tu rbed stream m a c r o i n v e r t e b r a t e  
fauna. As  a group, they  a r e  dec ided ly  p o l l u t l o n  s e n s i t l v e  and a r e  o f t e n  f i r s t  
t o  d isappear  w i t h  t h e  onset  o f  p e r t u r b a t i o n .  Thus, they  a r e  a good i n d i c a t o r  
o f  ambient c o n d i t i o n s .  The p l o t  o f  r e f e r e n c e  s i t e  m a y f l y  taxa  vs.  d ra inage 
area  i s  d e p i c t e d  i n  F i g u r e  5-2. The genera l  t r e n d  IQ m a y f l y  d i v e r s i t y  
r e f l e c t s  h i g h e s t  v a r i e t y  o f  types I n  i n t e r m e d i a t e  s i z e  streams w i t h  s l i g h t  
decreased d i v e r s i t y  I n  t h e  s m a l l e r  and l a r g e r  dra inages.  T h i s  i s  p robab ly  a 
r e s u l t  o f  t h e  t r a n s i t i o n a l  n a t u r e  o f  t h e  i n t e r m e d i a t e  streams and t h e  
corresponding inc reased v a r i e t y  o f  macrohabi ta t ,  m i c r o h a b i t a t ,  and food 
sources. I n  e f f e c t ,  env i ronmenta l  c o n d i t i o n s  a r e  h i g h l y  d i v e r s e  and suppor t  a 
m a y f l y  fauna t r a n s i t i o n a l  between t h e  smal le r  Ohio streams (predominated by 
shredders and c o l l e c t o r s )  and t h e  l a r g e r  Ohio r i v e r s  (predominated by 
c o l l e c t o r s  and g r a z e r s ) .  

M e t r i c  3 .  Number o f  C a d d i s f l y  Taxa 

C a d d i s f l i e s  a r e  o f t e n  a predominant component o f  t h e  m a c r o i n v e r t e b r a t e  fauna 
i n  l a r g e r ,  r e l a t l v e l y  unimpacted Ohlo streams and r i v e r s .  Though t e n d i n g  t o  
be a l i t t l e  more p o l l u t i o n  t o l e r a n t  as a group t h a n  m a y f l i e s ,  they d i s p l a y  a 
w ide  range o f  t o l e r a n c e  among types.  Not w i t h s t a n d i n g ,  however, few can 
t o l e r a t e  heavy p o l l u t l o n a l  s t r e s s  and, as such, can be good i n d i c a t o r s  o f  
env i ronmenta l  c o n d i t l o n s .  The d i s t r i b u t i o n  o f  r e f e r e n c e  s i t e  c a d d i s f l y  t a x a  
vs. d ra inage area shows a c l e a r ,  I n c r e a s i n g  t r e n d  w i t h  s t ream s i z e  ( F i g u r e  
5-3). T h i s  can be e x p l a i n e d  by t h e  predominance i n  Ohio o f  n e t  sp inn ing ,  
f i l t e r  f e e d i n g  c a d d i s f l i e s  of  t h e  f a m i l i e s  Hydropsychidae, Polycentropodidae,  
and Phl lopotamidae and m l c r o - c a d d i s f l i e s  o f  t h e  f a m i l y  H y d r o p t i l i d a e .  H a b i t a t  
p re fe rences  o f  t h e  f i l t e r  feeders a r e  streams w i t h  abundant suspended o r g a n i c  
m a t t e r  w h i l e  t h e  m l c r o - c a d d i s f l i e s  feed m a i n l y  on p e r l p h y t l c  diatoms and 
f i l a m e n t o u s  a lgae.  These env i ronmenta l  c o n d i t i o n s  a r e  b e s t  met i n  t h e  l a r g e r  
streams and r i v e r s  where i m p o r t  o f  f i n e  p a r t i c u l a t e  o rgan ic  m a t t e r  i s  
maximized and p l a n t  growth o p t i m a l  due t o  a v a i l a b i l i t y  o f  f i n e r  sediments and 
more open canopies.  As can be seen I n  t h e  f i g u r e ,  f o r  dra inages l e s s  than 600 
square m i l e s ,  zero scores occur o n l y  when no c a d d i s f l y  taxa  a r e  present .  For 
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Ftgure 5-1. Total macroinvertebrate taxa vs. drainage area using the 
quadrisect method for determining 6.4.2, and 0 IC1 scoring 
(Inverse relationship with drainage areas >lo0 sq-miles.). 
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Figure 5-2. Tota l  m a y f l y  taxa vs. drainage area using the quadrisect method 
f o r  determining the 6,4,2, and 0 IC1 scorlnq (D i rec t  re la t ionship  
wl th  drainage areas c100 sq. mlles; Inverse re la t ionship  wl th  
drainage areas >300 sq. ml les . ) .  - _ _  
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drainages grea ter  than 600 square mi les,  a t  l e a s t  two taxa must be present  t o  
score o ther  than zero. 

M e t r i c  4. Number o f  D ip te ran  Taxa 

O f  a l l  major aquat ic  I n v e r t e b r a t e  groups, d ip te rans ,  e s p e c i a l l y  midges o f  the 
f a m i l y  Chlronomidae, have the  g rea tes t  faunal  d i v e r s i t y  and d i s p l a y  the  
g rea tes t  range o f  p o l l u t i o n a l  to lerances.  They a r e  u s u a l l y  t he  major 
component o f  an I n v e r t e b r a t e  c o l l e c t i o n  us ing  Ohio €PA methodology and, under 
heavy p o l l u t i o n a l  s t ress ,  can' .of ten be the  on ly  I n s e c t  c o l l e c t e d  and, a t  t he  
same t ime, be the  predominant macro lnver tebrate group. Larva l  taxonomy has 
Improved g r e a t l y  f o r  t he  group and c l e a r  pa t te rns  o f  organism assemblages have 
become d i s t i n c t  under water  q u a l i t y  cond i t l ons  ranging from the  p r l s t i n e  t o  
t h e  h e a v i l y  organic  and t o x i c .  The f a c t  t h a t  they do n o t  u s u a l l y  disappear 
under severe p o l l u t i o n a l  s t ress  makes them e s p e c i a l l y  va luable i n  eva lua t i ng  
water q u a l i t y .  The d i s t r i b u t i o n  o f  d l p t e r a n  taxa vs. drainage area i s  shown 
I n  F lgure  5-4. A c l e a r ,  I nve rse  r e l a t i o n s h i p  w i t h  l a r g e r  drainages ( > l o 0  s q  
m i l e s )  i s  apparent. In t h e  l a r g e r  r i v e r s ,  t he re  i s  a tendency towards 
increased popu la t ions  o f  fewer d i p t e r a n  taxa. T h i s  i s  probably the  r e s u l t  o f  
abundant food supp l ies  b u t  fewer f u n c t i o n a l  feeding groups as h a b i t a t  
cond i t i ons  become more monotonous. \ 

M e t r i c  5. Percent M a y f l i e s  

As  w i t h  number o f  may f l y  taxa, the  percent abundance o f  may f l i es  i n  a sample 
can reac t  s tong ly  and r a p i d l y  t o  o f t e n  minor environmental d is turbances.  
Though much more re fe rence  s i t e  v a r i a b i l i t y  e x i s t s  i n  t h i s  me t r i c  compared 
w i t h  the  taxa m e t r i c ,  t h e r e  i s  a s t rong r e l a t i o n s h i p  w i t h  water q u a l i t y .  As 
can be seen by F igu re  5-5, t h e  range o f  abundances i n  the  r e l a t i v e l y  
unimpacted re fe rence s i t e  database va r ies  f rom near zero t o  g rea ter  than 80 
percent .  However, da ta  f rom s l i g h t l y  degraded ( f a i r )  and severe ly  degraded 
(poor)  stream c o r n u n i t i e s  i n  Ohio i n d i c a t e  t h a t  mayf ly  abundance i s  reduced 
considerably  under s l i g h t  Impact and i s  e s s e n t i a l l y  nonex is tan t  under severe 
Impact. Thus, i t  was f e l t  t h a t  even a few may f l i es  i n  low abundance should 
score a t  l e a s t  m in ima l l y .  Therefore,  on ly  those samples w i t h  no may f l i es  w i l l  
score zero f o r  t h e  m e t r i c .  Scor ing ca tegor ies  a l s o  r e f l e c t  t he  observat ion 
t h a t  no re la t i onsh , ip  e x i s t s  w i t h  drainage area. 

M e t r i c  6. Percent Cadd is f l i es  

As w i t h  number o f  c a d d i s f l y  taxa, percent  abundance o'f c a d d i s f l i e s  i s  s t r o n g l y  
r e l a t e d  t o  stream s i z e  (F lgu re  5-6). Again, op t ima l  h a b i t a t  and a v a i l a b i l i t y  
o f  app rop r ia te  food t ype  seem t o  be the  main cons idera t ions  f o r  l a r g e  
popu la t ions  o f  c a d d i s f l l e s .  As can be seen i n  the  f i g u r e ,  t he  c a d d i s f l i e s  can 
make up a s i g n i f i c a n t  p o r t i o n  o f  t he  macro lnver tebrate comnunity, o f t e n  
exceeding 25 percent  o f  t h e  organisms co l l ec ted .  However, they a re  j u s t  as 
l i k e l y  t o  be found I n  q u i t e  low numbers, a t  t imes less  than 1 percent .  
Because o f  t h e i r  genera l  p o s i t i o n  as an In te rmed ia te l y  p o l l u t i o n  t o l e r a n t  
group between the  m a y f l i e s  and d ip te rans  and because they disappear r a p i d l y  
under environmental  s t ress ,  zero scores a re  r e s t r i c t e d  t o  those s i t e s  l ess  
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(Dlrect relatlonshlp with drainage area; zero scorlng for zero 
caddlsflies for dralnage areas ~ 6 0 0  sq. mlles; zero scoring for 
minimal percent abundance for drainage areas >600 sq. mlles.). 
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than 600 square miles where no caddisflies are collected. At sites greater 
than 600 square miles, it is felt that appropriate habitat conditlons are much 
more likely to exist and, therefore, caddisflies should be present in at least 
mlnlmal numbers to score greater than zero. 

Metric 7 .  Percent Tanytarslni Midges 

The tanytarslni midges are a tribe of the chironomid subfamily Chironominae. 
The larvae are generally burrowers or clingers, and many species build cases 
out of sand, silt, and/or detritus. Many species feed on microorganisms and 
detrltus through filtering and gathering though a few are scrapers. Eleven 
genera and up to 140 species occur In North America, although only 8 genera 
and 21 distinct taxa have been collected in Ohio. In the relatively 
unimpacted Ohio reference sites, they are most often the predominant midge 
group, often exceeding 50 percent of the total number of organisms collected. 
They also appear to be relatively pollution sensitive and often dlsappear or 
decline under even minor pollutional stress. As can be seen In Figure 5-7, 
there Is apparently no drainage area effect on their abundance. Because of 
their relative intolerance to environmental disturbance, zero scores only 
occur when no tanytarsini midges are present. . 
Metric 8. Percent- Other Diptera and Non-In'sects 

This metric Includes the comnunity percentage of all dipterans (excluding the 
midge tribe Tanytarsini) and other non-insect invertebrates such as aquatic 
worms, flatworms, scuds, aquatic sow bugs, freshwater hydras, and snails. 
This metric Is one of two negative metrics of the ICI. Taxa in these groups 
of macrolnvertebrates, though often present as part of a healthy stream 
comnunity, are those that generally tend to become predominant under adverse 
water quality conditions. In many cases, even under minor influences, these 
organisms will comprise over 90 percent of the individuals collected in an 
invertebrate sample. figure 5-8 depicts the distribution of reference site 
data for the metric. As indicted, reference site percentages are inversely 
related to stream size. However, this relationship does not seem to hold f o r  
impacted situations; under these circumstances, other dipterans and 
non-insects usually predominate as a high percentage regardless of stream 
size. 
(In effect, 0 percent other dipterans and non-insects), the metric should 
score a zero. 

In cases where conditions are so severe that no organisms are collected 

Metric 9. Percent Tolerant Organisms 

Values for this metric are generated using the list of organisms provided in 
Table 5-2. The list Includes those organisms in Ohio that appear to be 
extremely pollution tolerant tend to predominate In cases of severe 
perturbation. 
well as some Ohio taxa found to resist toxic impact, so the metric should-be a 
reasonable measurement of comnunity tolerance under both types of 
degradation. 
measurements of comnunity tolerance (1.e. Hilsenhoff's BI) that were developed 

The list includes organisms tolerant to organic degradation as 

This Is a desirable difference over other established 

, I  
, 1 .  
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T a b l e  5-2. L i s t  o f  p o l l u t i o n  t o l e r a n t  organisms used t o  determine M e t r i c  9 o f  
t h e  I n v e r t e b r a t e  Comnunlty Index. 

Comnon Name S c i e n t t f t c  Name 

Midges 
- 

~ ~~ 

Aauat ic  segmented worms Annel ida:  Ol igochaeta 
Psectrotanypus d y a r l  
- Cr ico topus  (C.) b i c i n c t u s  
Cr lco topus  ( I s o c l a d i u s )  

s y l v e s t r l s  group 
Nanocladlus (H.) d i s t i n c t u s  
Chi ronomus (C. ) spp. 
D i c r o t e n d i p e s  slmpsoni  
G lyp to tend lpes  prob.  barb ipes  
Parachironomus h l r t a l a t u s  
Polypedi lum ( E . )  f a l l a x  group 
Polypedi lum (E.) I l l l n o e n s e  
F e r r i s s i a  spp. 
P h y s e l l a  spp. 

L i mpe t s 
Pond s n a i l s  ' 

D i p t e r a  : 

No1 1 usca 
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to reflect one type of pollution or the other. Like Metric 8, this is a 
negative metric and, as such, complete absence of organisms in a sample should 
score a zero for the metric. Figure 5-9 depicts the reference site tolerant 
organism percentages vs. drainage area. 
drainage area exists. 
percent of tolerant organisms found at reference sites becomes so low that the 
scoring categories are quite restrictive. 
reference sites, none or less than 1 percent of these organisms were present. 
However, as with Metric 8, drainage area tends to have little effect when 
pollutional disturbances are prevalent. Sites with minor or severe degradation 
can have large populations of these organisms regardless of stream size. 

A strong Inverse relationship with 
For drainages greater than 1000 square miles, the 

In fact, at a number of the 

Metric 10. Qualitative EPT Taxa 

This metric is the one IC1 metric that is generated by the qualitative sample 
taken In conjunction with the artificial substrate sampling. Slnce the 
qualitative sampling utilizes a substrate dependent method, that is, a method 
affected by the kinds of natural substrates available In the sampling area, 
the metric Is a measurement of habitat quality as well as of habitat types 
other than the run habitat where artificial substrate sampling occurs. The 
metric consists of the taxa richness of Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Trichoptera (caddisflies). Since stoneflies are relatively 
uncomnon In sumner collections in Ohio, the metric is mostly dependent on the 
kinds of mayflies and caddisflies found. 
taxa vs. drainage area (Figure 5-10) reflects a trend similar to Metric 2, the 
number of mayfly taxa. Again, It Is thought that this trend is a result of 
greater habitat and food type variety in the intermediate sized streams 
transitional between small streams and large rivers. 

The depiction of qualitative EPT 

.. 1 
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Figure 5-9. Percent abundance of  pol lutlon tolerant organlsms vs. dralnage 
area using the quadrlsect method for determlnlnq 6.4.2, and 0 IC1 
scorlnq (Inverse relatlonshlp wlth dralnage areas <lo00 sq. 
miles.). 
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SECTION 6: DERIVATION OF BIOLOGICAL CRITERIA 

The derivation of biological criteria for Ohio surface waters i s  essentially 
based on a knowledge of what biological comnunity performance can be attained 
at reference sites selected according to the Stream Regionalization Project 
(SRP) study design (Whittier et al. 1987). This i s  consistent with the 
definition of biotic integrity as discussed by Karr and Dudley (1981), Hughes 
-- et al. (1982), Karr et al. (1986), and Ohio EPA (1987b). The biological 
criteria represent the ecological structure and function that can reasonably 
be attained given present-day background conditions (Whittier et al. 1987). 
Thus, these criteria are not an attempt to deflne "pristine", pre-Columbian 
conditions. This does not preclude the possibility that future changes to the 
criteria could take place with changes in population, urbanization, and/or 
land use practices that are observed to result in improved biological 
comnunity performance. 

Biological data from the reference sites were used to establish regional 
criteria (where appropriate) for the 161, modified Iwb, and ICI. A notched 
box-and-whisker plot method was used to portray the Results for each 
biological index by ecoregion. These plots contain sample size, medians, 
ranges with outliers, and 25th and 75th percentiles. Box plots have one 
Important advantage over the use of means and standard deviatjons (or standard 
errors) because they do not assume a particular distribution of the data. 
Furthermore, outliers (1.e. points that are two interquartile ranges beyond 
the 25th or 75th percentiles) do not exert an undue influence as they can i n  
the derivation of means and standard errors. 

Ecoregional criteria for the Warmwater Habitat ( W H )  use designation are 
established as the 25th percentile value of the reference sites for each 
ecoregion. The Exceptional Warmuater Habitat (EWH) criteria are based on a 
combination of the entire statewide reference site data set (by method) and 
are set at the 75th percentile value. Both WWH and EWH are defined in the 
Ohio Water Quality Standards (WQS; Ohio Admlnistrative Code Chapter 3745-1) 
and reflect attainment of the "fishable/swimnable" goals of the Water Quality 
Act of 1987. For example, when all sites sampled for fish during 1979-1986 
are considered the WH crlteria (using a modified Iwb benchmark of 8.5 for 
WH) represents the upper 13-173 of the modifled Iwb values recorded during 
that period (fig. 6-1). The EWH criteria (using a modified Iwb benchmark o f  
9.5 for EWH) represent the upper 3-6%. Choosing the 25th percentile excludes 
those reference sites that were initlally selected based on general watershed 
characteristlcs, but which did not perform up to our expectations due to 
influences that only the resldent biota could discern given the scope of the 
Investigation. 
marginal (1.e. HELP ecoreglon), but which were retained to provide a 
sufficient sample slze to examine for ecoregional differences. In this sense 
_choosing the-25th percentile as the minimum WQS WH-criterion I s  
environmentally conservative and -virtually eliminates any -bias induced by 
Including marginal sites. This relatively low percentile value was chosen 
because the reference sites used to construct the reference site database were 
carefully selected as "least Impacted" sites. This clearly i s  not a random 
sample of sites within each ecoreglon, but i s  biased towards the watersheds 

It also excludes sites which were initially thought to be 

6-1 
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F i g u r e  6-1. Percentage o f  e l e c t r o f l s h l n g  samples (boat  and wadlng r e s u l t s )  
t h a t  occur I n  t h r e e  ranges o f  t h e  mod l f led  Iwb based on 
c o l l e c t l o n s  d u r l n g  1979-1986. 
approxlmates EWH at ta inment ,  8.5-9.5 approximates WH 
at ta inment ,  and <8.5 r e f l e c t s  non-at ta lnment o f  WQS (sample 
s i z e  appears above each ba r ) .  

Mod l f l ed  Iwb values o f  29.5 
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Tab le  6-1. F l s h  comnunlty c h a r a c t e r i s t l c s  o f  s l t e s  t h a t  a t t a i n  Except ional .  
W a r w a t e r  H a b i t a t  (EWH) and W a r w a t e r  H a b l t a t  (WWH) i n  t h e  Ohio 
r e f e r e n c e  s i t e  database compared t o  s l t e s  t h a t  do n o t  a t t a i n  WWH 
based on a s e t  o f  Impacted s l t e s  used t o  e s t a b l l s h  low-end s c o r l n g  
c r l  t e r l a .  

Mean Mean 
CIsssification Iwb 181 Intol. %&mi- STol. %nd Slop Darter Total 
(no. saples)  (IgR) (IW Species vores Spec. Suckers Cam. Species Species 

Yadinq llethods: 

EM4 (40)' 10.0 53 
(9.7-10.3) (50-58) 

Ilpscted(45) 3.7 20 
(3 .0 i .5 )  (16-24) 

Boat )lethoQ: 

EM4 (15)' 9.9 52 
(9.6-10.2) (50-W) 

WH (5512 9.0 44 
(8.8-9.3) (42-46) 

6 12 

3 18 

0 33 

4 16 

2 21 

0. 60 

15 13 

27 7 

8s 0.5 

I O  37 

12 29 

57 - 4  

4.8 6 30 

4.4 5 24 

2. I 0 9 

10.4 3 27 

12. I I 21 

3 .  I 0 5 

IQR - lnterquartile Range. 

I for purposes of illustration, EW criteria: 
for plrposss of illustration, Mi criteria: 

181 250 and Iwb 29.5. 
181 140, C X l  and Iub 28.5, 4 . 5 .  
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w i t h  the  l e a s t  i n f l u e n c e  f rom human a c t i v i t i e s .  The EWH c r i t e r l a  (upper 25% 
o f  &l reference s l t e s )  a p p r o p r i a t e l y  r e f l e c t s  the  EWH d e f i n i t i o n  i n  the Ohlo 
WQS and i s  app l l ed  evenly  across the  s ta te .  Streams and r l v e r s  designated EWH 
a r e  cha rac te r i zed  by an above average abundance o f  s e n s i t i v e  macro inver tebrate 
taxa  and f i s h  species ( i n t o l e r a n t  p l u s  moderately i n t o l e r a n t  species),  and i n  
l a r g e r  streams, t o p  carn ivores  (e.g. smallmouth bass). EWH waters a re  a l s o  
g e n e r a l l y  cha rac te r i zed  by more i n t o l e r a n t  and fewer t o l e r a n t  species than 
o t h e r  streams (Tables 6-1 and 6-4) and genera l l y  p rov ide  h a b i t a t  f o r  unique 
specles assemblages (4.e. species l i s t e d  as ra re ,  endangered, and threatened) .  

A t  l e a s t  two f a c t o r s  used i n  s e t t i n g  t h e  WH and EWH c r i t e r i a  o f f e r  a d d i t i o n a l  
p r o t e c t i o n  aga ins t  t h e  p o t e n t i a l  i n f l u e n c e  o f  a l ess  than optimum I n i t i a l  
s e l e c t i o n  o f  re fe rence s i t e s .  I61 and I C 1  a re  based on a t r i s e c t i o n  and 
q u a d r l s e c t i o n  procedure, r e s p e c t i v e l y  (see Sect ion 4 ) ,  which focuses on a l i n e  
o f  maximum value (1.e. 95% l i n e ) .  Thus the  i n f l u e n c e  o f  s i t e s  w i t h  m e t r i c  
va lues t h a t  a r e  low f o r  one reason o r  another i s  n e g l i g i b l e  because t h j s  
method I s  weighted i n  favo r  o f  t he  s l t e s  w i t h  h igher  values. Secondly, 
choosing t h e , 2 5 t h  p e r c e n t i l e  o f  t he  reference s i t e  r e s u l t s  f o r  each index 
e l l m i n a t e s  values t h a t  were low because o f  f a c t o r s  which the  res iden t  b i o t a  
c o u l d  d iscern ,  b u t  t o  which t h e  I n i t i a l  re ference s i \ te  s e l e c t i o n  procedure was 
n o t  s u f f i c i e n t l y  s e n s i t i v e .  
c o n s l s t e n t  w i t h  the  goals  o f  t he  Water Q u a l i t y  Act and p r o t e c t i v e  o f  t h e i r  
des ignated  uses. 

Together these ensure t h a t  the  c r i t e r i a  a r e  

V a r i a t i o n s  I n  t h e  e c o l o g i c a l  c r i t e r i a  between ecoregions are  r e l a t e d  t o  
genera l  h a b i t a t  and biogeographlcal.differences t h a t  a r e  l i n k e d  t o  the 
p a r t i c u l a r  f ea tu res  ( s o i l s ,  vegeta t ion ,  land form, land use) t h a t  cha rac te r i ze  
each ecoreglon. Thus the  i n f l u e n c e  o f  these f a c t o r s  a r e  even tua l l y  accounted 
f o r  i n  t h e  d e r i v a t i o n  o f  t h e  b i o l o g i c a l  c r i t e r i a  on an ecoreglonal  bas is .  

F i s h  Cornuni ty  Data 

Wadlng S i t e s  > 

The notched box-and-whisker p l o t  f o r  t he  I61 and the  mod i f ied  I& us ing  data 
f rom 113 wading s i t e s  ( g e n e r a l l y  s i t e s  w i t h  drainage areas l ess  than 300 sq. 
mi., b u t  > 20 sq. m i . )  i s  presented i n  F igs.  6-2 and 6-3. The notch i n  the  
box-and-whlsker p l o t  corresponds t o  t h e  w i d t h  o f  a conf idence i n t e r v a l  f o r  the  
median. The conf idence l e v e l  on t h e  notches I s  s e t  t o  a l l o w  pa i rw ise  
comparisons t o  be performed a t  t h e  95% l e v e l  by examining whether two notches 
ove r lap .  St rong ecoreg iona l  d i f f e r e n c e s  a r e  ev ident  I n  the  IBI between the 
Huron/Er ie  Lake P l a i n  (HELP), Western Allegheny Plateau (WAP),  and the 
remain ing  3 ecoregions. The mod i f l ed  Irb was lowest i n  the  HELP ecoregion, 
f o l l o w e d  by the  EOLP, and h ighes t  I n  t h e  remaining th ree  ecoregions. The mean 
(254). median, minimum and maximum range, and q u a r t l l e  values f o r  t h e  161 and 
la f o r  each o f  t h e  f i v e  ecoregions and s tatewide combined a r e  g iven i n  
Tab le  6-2. The I61 values repo r ted  here d i f f e r  somewhat f rom those repor ted  
by W h i t t l e r  e t  a l .  (1987). T h i s  I s  due t o  l a t e r  ref inements i n  the 181 by 
Ohio EPA and the  use o f  a l a r g e r  da ta  base t o  e s t a b l i s h  the  ecoregional  
c r i t e r i a .  

6-4 
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Figure  6-2. Notched box-and-whisker p l o t  o f  Ohio reference s i t e  r e s u l t s  
f o r  the  Index o f  B i o t i c  I n t e g r i t y  (Wading s i t e s )  showlng 
maximum, mlnlmum, median, and upper (75%) and lower (25%) 

the  median values a r e  not  s i g n i f i c a n t l y  d i f f e r e n t  (P<0 .05 ) .  
q u a r t i l e  ranges. Notch over lap  between regions indl-c-ates t h a t  - -  
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F i g u r e  6-3. Notched box-and-whisker p l o t  of Ohio re fe rence s i t e  r e s u l t s  
f o r  t h e  Mod i f i ed  Index o f  Wel l -Being (Wading,s i tes)  showing 
maximum, minimum. o u t l i e r s ,  median, and upper (75%) and lower 
(25%) q u a r t i l e  ranges. 
i n d i c a t e s  t h a t  t h e  medlan values a r e  n o t  s i g n i f i c a n t l y  
d l f f e r e n t  (P<O.O5). 

Notch ove r lap  between reg ions 
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Boat S i t e s  

Examination o f  the boat s i t e s  data base (75 s i t e s )  showed l e s s  pronounced - 
d i f f e rences  between the ecoregions than t h a t  shown f o r  the  wading s j t e s  f o r  
bo th  the  I B I  and the  mod i f ied  I& (Figs .  6-4 and 6-5) .  For I B I  the  h ighes t  
i n t e r q u a r t i l e  values occured I n  the  Eastern Corn B e l t  P la ins  (ECBP) w i t h  the 
lowest values I n  the  Huron/Er ie Lake P l a i n  (HELP) ecoregion. The mod i f ied  
Iub showed a d i f f e r e n t  p a t t e r n  w i t h  the  Er ie /Ontar io  Lake P l a i n  (EOLP) 
ecoregion having the lowest i n t e r q u a r t i l e  values. The o v e r a l l  r e s u l t s  were 
comparat ive ly  s i m i l a r .  The d i f f e rences  between ecoregions f o r  bo th  the  I B I  
and mod i f ied  I w b  were l e s s  pronounced i n  comparison t o  t h a t  shown w i t h  the  
wading s i t e s .  This seems reasonable i n  t h a t  l a r g e r  stream and r i v e r  systems 
extend between and through adjacent  ecoregions and tend t o  "dampen ou t "  some 
o f  t he  sub-watershed s p e c i f i c  c h a r a c t e r i s t i c s  apparent w i t h  the  streams t h a t  
a r e  e n t i r e l y  loca ted  w i t h i n  one ecoreglon. The ecoregional  and s tatewide 
sumnary I s  g iven  i n  Table 6-2. 

Headwaters S i tes  

The Headwaters ve rs ion  o f  t he  I B I  was used t o  evaluate f i s h  comnunlty data f o r  
70 headwaters s i t e s  (dra inage areas <20 square miles),. The notched 
box-and-whisker p l o t  f o r  the I B I  (mod i f led  f o r  headwaters s i t e s )  us ing  data 
f rom t h e  70 reference s i t e s  i s  presented I n  F ig .  6-6. Ecoregional  d j f f e rences  
a r e  ev ident  f o r  t he  I B I  between the  Huron/Er ie Lake P l a i n  (HELP) and the  
remaining 4 ecoregions. The range between the  25th and 75th p e r c e n t i l e  values 
was r e l a t i v e l y  l a r g e  i n  the  I n t e r i o r  P lateau ( I P )  and Western Allegheny 
Plateau (WAP) compared t o  the  o ther  ecoregions. The ecoregional  and s tatewide 
sumnary data a r e  g iven I n  Table 6-2. 

I t  i s  n o t  app rop r ia te  t o  use the mod i f ied  Iwb t o  eva lua te  Headwaters S i t e s .  
T h i s  i s  because o f  t h e . v e r y  s t rong In f l uence  o f  dra inage area on the  I w b  and 
t h e  marked change i n  sca le  o f  t he  Iwb a t  these s i t e s .  This i s  due i n  l a rge  
p a r t  t o  the  character  o f  the  f i s h  fauna a t  headwaters s i t e s .  Large f i s h  t h a t  
c o n t r i b u t e  t o  the  biomass component o f  t he  Iwb i n  the  l a r g e r  streams and 
r i v e r s  a r e  e i t h e r  reduced i n  abundance o r  genera l l y  absent f r o m  t h e s e  areas. 
Also,  species r ichness I s  very much a f f e c t e d  by dra inage area which accounts 
f o r  p a r t  o f  t he  e f f e c t  o f  t h i s  f a c t o r  on t h e  I w b  i t s e l f .  

H a b i t a t  Considerat ions 
0 

Macro-habi ta t  f o r  f i s h  was evaluated us ing  the Q u a l i t a t i v e  Hab i ta t  Eva lua t ion  
Index (QHEI) which was developed by Ohio EPA (Ohio EPA 1987a). Th is  Index i s  
based on the  f o l l o w i n g  macro-habi tat  c h a r a c t e r i s t i c s :  subs t ra te  type, amount 
and t ype  of ins t ream cover, channel morphology development and s t a b i l i t y ,  
r i p a r i a n  zone w i d t h  and composition, pool  and r i f f l e - r u n  q u a l i t y ,  g rad ien t ,  
and dra inage area. 
presented a long w i t h  t h e  b i o l o g i c a l  index r e s u l t s  i n  Table 6-2. Ecoregion 
q u a r t i l e s ,  means,- and medians are  remarkably s i m i l a r  among a l l  except t he  HELP 
ecoreglon where scores a r e  markedly-lower. 
HELP i s  lower than the  25th p e r c e n t i l e  Q H E I  i n  the  o ther  f o u r  ecoregions a t  
wading s i t e s .  Only a s l i g h t  over lap  e x i s t s  f o r  t h e  headwaters s i t e s  and no 

The QHEI scores f o r  each s i t e  t ype  by ecoregion a re  

The 75th p e r c e n t i l e  QHEI  f o r -  t he  
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Table 6-2. Sumnary ecological and drainage area characteristics of the 
reference sltes used to establlsh attalnable ecological crlteria 

. f o r  Ohio's rivers and streams based on the IBI and modified I&. 

€cares ion 

MurodErie Inter ior  Erie/Ont. W. Allegheny E. Corn Statewide 
Lake Plains Plateau Lake Plains Plateau Belt Plains ( a l l  sites 

(HELP) (IP) (EOLP) ( W A R  ( E m )  colnb i ned) 

I .  FISH'CO~UNITIES 

I .  WADING SITES ( S a p l e r  Types D, E, F) 

Nunber of Sites 7 

WO. of Sarples 16 

Drainaqe Area (mi.2) 

Mean 58. I 
(%SEI 7 . 2  
lled i an 57 
b n g e  24- I07 
Quarti le 

lower (2%) 34 
upper (7%) 86 

Nrmber of Species 

Rean 16.6 
(%SEI 1 . 1  
W i a n  17 

Wart i le 
Range 9-25 

larer (2%) 14 . ... 
upper (7%) 19 

I O  

23 

150.7 
16.5 

I15 
28-37 I 

34 
216 

26.2 
0.8 

27 
18-55 

24 
27. 

I b d i f i e d  Index of U e l l S e i n g  ( I & )  

Mean 7.2 9. I 
(.SE 1 0.19 0.19 
W i a n  7 .4  9.0 

21 

57 

45.9 
3.2 

43 
20-1 14 

27 
54 

20.9 
0.6 

23 
I 1-28 

20 
24 

0 

8 .5  
0.09 
8 . 4  

34 

79 

96 

89 
22-337 

43 
134 

7 .4  

26.8 
0.6 

27 
14-37 

24 
31 

9. I 
0.11 
9 . 3  

41 

I02 

. 
91.4  

7. I 
7 3  

2 3 4 3 3  

39 
I19 

23.8 
0 . 5  

23 
13-37 

20 
27 

9.0 
0.07 
9.0 

I I 3  

277 

86.8 
4 .2  

65 
20-48 3 

36 
I l l  

24 .O 
0 . 3  

24 
9-37 

20 
27 

8.8 
0.06 
8.9 

hnge 6.1-8.7 7.8-11.4 6.7-10.3 6.2-11.3 5.7- IO. 6 5.7-1 1..4 
Quarti le 

l w r  (2%) 6.6 8 . 4  8.0 8 .5  8 . 5  8 . 3  
upper (7%) 7 .6  9 . 7  8.8 9 .7  9 .5  9 . 4  
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Table 6-2. ( c o n t i n u e d ) .  . I 
Huron/Erie I n t e r i o r  Erie/Ont. Y. Allegheny E. Corn Statew i de 
Lake Pla ins Plateau Lake Pla ins Plateau B e l t  P la ins ( e l l  s i t e s  

(HELP) (IP) (EOLP) (UAP) ( ECBP) comb i ned) 

I .  WADING SITES (Sapler  Types 0 ,  E, F) - continued 

Index of B i o t i c  I n t e a r i t y  ( I B I )  

b a n  28 43 42 48 44 44 
(+SEI 1 . 1  I .6 0.7 0.8 0.6 0 .5  
lledi an 28 42 40 50 44 45 
Range 22-36 32-56 30-50 28-58 28-56 22-58 
Quarti le 

larer (2%) 26 36 38 42 40 38 
upper (752) 32 48 46 54 50 50 . 

Qual i ta t ive Habi ta t  Evaluation Index (QHEI) 

b a n  56 75 73 74 74 73 

b d  i an 55 74 74 75 75 74 
b n g e  4 I -74 64-84 53-90 55-9 I 59-90 41-91 
Quart i le 

lcmmr (25%) 49 72 70 68 69 68 
upper (7%) 62  82 78 78 80 78 

(?SEI 4.6 2.0 I .8 I .4 I . 3  0.0 

2. BOAT SITES (Simpler Type A) 

Nunber of S i tes  7 7 I O  12 39 75 

No. of Simples 20 20 20 28 I03 191 

Drain. Area (mi.2) 

b a n  1443 5 32 252 2213 707 94 I 

l ledian 37 I 359 229 1884 503 483 

Quarti le 

(+SEI 431 88 33 40 I 74 94 

Range 202-5559 116-1 I45 117-630 9 0 4 7  I I 22-3 I97 9 0 4 4 7  I 

lcmmr (2%) 346 I95 I37 382 272 240 
upper (7%) 2428 959 367 2577 655 IOU) 

6-9 ' 
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Tab le  6-2 .  ( c o n t i n u e d ) .  

E c o r e q  i on 

Huron/Erie I n t e r i o r  Erie/Ont. V. Allegheny E. Corn Statew i de 
Lake Plains Plateau Lake Plains Plateau . B e l t  Plains ( a l l  s i tes  

(HELP) (IP) (EOLP) (YAP) (ECBP) a m h  i ned) 

2. BOAT SITES ( S a p l e r  Type A) - continued. 

Nunber of  Species 

Mean 24.4 23.9 19.2 22.4 22 .o 22.2 
( +SE 1 1 . 1  1 . 1  I .o 1 . 1  0.4 0 . 3  
k d i  an 25 23 19 21 22 '22 
Range 17-34 15-38 11-27 15-37 8-3 I 8-38 

lover (25%) 20 21 15 19 ' 19 19 
upper (7%) 27 27 23 25 25 24 

Quar t i  le  

W i f i e d  Index of U e l l B e i n q  (I*) 

Mean 9 .2  9.2 8.9 9.0 

Median 9.4 9. I 8.9 9.0 
Range 7.3-11.3 8.5-10.2 7.8-10.0 8.1-10-4 
Quart i le  

(_+SEI 0 .2  0. I 0. I 0.  I 

larer (2%) 8.6 8.8 8.3 8.4 
upper (7%) 10.0 9 .4  9.4 9.5 

9.0 9.0 
0. I 0.05 
9.0 ' 9.0 
7.5-10.4 7.3-1 I 

8.7 8.6 
9.4 9.45 

Index of B i o t i c  l n t e q r i t y  (181) 

Mean 37 43 40 42 46 44 
(+SEI I .6 1 . 1  1 . 1  1.2 0.6 0.5 
Median 36 45 40 42 46 44 
Range 26-48 32-52 28-52 28-54 26-56 26-56 
Quarti le 

lcmmr (2%) 33 37 37 38 42 38 
upper (7%) 43 49 43 48 52 50 

. 3  
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Table 6-2. ( c o n t l n u e d ) .  

Ecoreq ion 

Huron/Erie I n t e r i o r  Erie/Ont. Y. Allegheny E. Corn Statew i de 
Lake Pla ins Plateau Lake Pla ins Plateau B e l t  P la ins ( a l l  s i t e s  

(HELP) (IP) (EOLP) (YAP) ( E m )  carb i ned) 

,2. BOAT SITES ( S a p l e r  Type A) - continued. 

Qual i ta t ive Habi tat  Evaluation Index (QHEI) 

Mean 78 81 75 75 
(%SEI 3.7 I .2 2.7 2.9 
Medi an 80 82 75 77 
Range 67-90 74 4 4  58-90 60-88 
Quart i  l e  

lower (25%) 67 80 71 65 
upper (7%) 86 8 3  80 85 

76 

76 
60-88 

I .o 
76 

77 
58-90 

0.9 

' 73 
79 

72 
91 

3. E N W A T E R S  SITES ( S a p l e r  Types 0 ,  E, and F a t  s i t e s  <20 m i  

Nunber of S i tes 2 I O  23 16 70 

I 3 6  

19 

No. of Sarples 5 I8 48 27 36 

Drain. Area (mi .2 )  

Mean 4.6 
(%SEI 0 . 3  
k d  i an 5 

Quart i le  
Range 4 -5 

lower (2%) 4 
upper (7%) 5 

9. I 
I .5 
7 

2-18 

10.5 7.3 
0.8 0.9 

10 6 
1-20 1-15 

9.8 
0.8 
9 

1-19 

9.3 
0.5 
9 

1-20 

4 
18 

6 3 
14 12 

5 
13 

5 
14 

0 

N d r  of Species 

16.5 
1.1 

16 
10-26 

Mean 8.4 
(+SEI I .5 
Med i an 6 

Quart i  le 
b n g e  6-12 

lover (2%) 6 
upper (7%) I 2  

. .  

16.0 13.6 
0.7 I .4 

16 14 
6-27 3-3 I 

17.0 
0.8 

18 
5-27 

15.4 
0.5 

16 
3-3 I 

14 
19 

13 7 
20 --I8 

14 
20 

12 
-~ 19 
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T a b l e  6-2. (contlnued). 

Ecoreq ion 

Huron/Erie Interior Erie/Ont. Y. Allegheny E.  Corn Ststew i de 
Lake Plains Plateau Lake Plains Plateau Belt  Plains ( a l l  sites 

(HELP) . (IP) ( EOLP) (YAP) ( E W )  comb i ned) 

3. 

Index of B io t ic  l n t e q r i h  (161) 

MADWATERS SITES (Smpler  Types D, E,  and F a t  s i tes 4 0  mi.2) - continued. 

Mean 27 46 43 47 45 
(+SEI I .o 2.2 0.8 1.6 1 . 1  
tied i an .26 44 42 48 46 
b n g e  24-30 28-58 28-56 3040 3440 
Quarti le 

lowr (2%) 26 40 40 40 40 
upper (7%) 28 54 48 54 50 

Qual i tat ive Habitat Evaluation Index (WE11 

Mean 61 65 67 67 66 
(+SEI 6.5 1.1 I .2 I .3 I .5 
Med i an 61 65 66 66 65 

Quarti le 
b n g e  5447 60-70 54-77 56-76 58- 76 

loner (25%) 54 63 62 64 61 
upper (75%) 67 68 71 70 ,72 

44 

45 
24 do 

0.7 

40 
!io 

66 

66 
!i4-77 

0.'7 

62 
71 
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1 I 1 I 60 

40 

30 

A 
1 

B O A T  SITES 

I 

75%ile 
Median Q 25 %le 

Range 

1 

0 
HELP IP E O L P  W A P  ECBP 

e ECOREGION 

F i g u r e  6-4. Notched box-and-whisker p l o t  o f  Ohio re fe rence s i t e  r e s u l t s  
f o r  t he  Index o f  B i o t i c  I n t e g r i t y  (Boat s i t e s )  showing 
maxlmum, minimum, o u t l l e r s ,  medlan-, and upper_(75%) -and . -  lower 
(25%) q u a r t l l e  ranges. 
i n d i c a t e s  t h a t  the medlan values a re  n o t  s l g n l f l c a n t l y  
d i f f e r e n t  (P<O.OS). 

Notch over lap  between ceglons 
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.. 

12 

A i  

1 0  

9 

e 

7 

e 

5 

4 

3 

2 

1 

0 

I 

.- 

- 
.- 

75Xile 
Median 
25 %ile 

B O A T  SITES 

Range 

1 I 1 1 I 
HELP I P  e EOLP W A P  EC8P 

E C O R E G I O N  

F 1 gure 6-5. Notched box-and-whisker p l o t  of Ohlo reference s l t e  r e s u l t s  
f o r  the Nod i f l ed  Index of  Well-Being (Boat s i t e s )  showing 
mxlmum, mlnimum, o u t l i e r s ,  medlan, and upper (75%) and lower 
(25%) q u a r t i l e  ranges. 
i nd i ca tes  t h a t  the medlan values are no t  s i g n i f i c a n t l y  
d i f f e r e n t  (PcO.05). 

’ 

Notch overlap between regions 
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*- 3 
H E A D W A T E R  S I T E S  

Median 
25 Xile 

Range 

H E L P  IP E O L P  W A P  ECBP 
0 

EC o R E G I o N 

Figure  6-6. Notched box-and-whisker p l o t  o f  Ohlo re fe rence s l t e  r e s u l t s  
f o r  t h e  Index o f  B l o t i c  I n t e g r i t y  (Headwaters S i t e s )  showing 
maximum, minimum, o u t l i e r s ,  medlan, and upper (75%) and lower . 

(25%) q u a r t l l e  ranges. -Notch over lap  between reg lons - 

I n d i c a t e s  t h a t  t h e  medlan values a r e  n o t  s l g n l f l c a n t l y  
d l f f e r e n t  (PcO.05). 
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apprec iab le  d i f f e r e n c e  was ev iden t  f o r  t he  boat s i t e s .  Much o f  the d i f f e r e n c e  
observed a t  the  wadlng and headwaters s i t e s  i s  because o f  the ex tens ive  degree 
t o  which smal l  streams have been mod l f ied  I n  the HELP ecoregion. 

Macro inver tebra te  Comnunity Data 

The notched box-and-whisker p l o t  f o r  t h e  I C 1  us ing  data f rom the  232 reference 
s i t e s  sampled w i th  mod l f i ed  Hester-Dendy m u l t i p l e - p l a t e  a r t l f l c i a l  subs t ra te  
samplers I s  presented i n  F igure  6-7. Sumnary In fo rma t ion  o f  the database 
I n c l u d i n g  t h e  25 th  p e r c e n t i l e  va lue f o r  each o f  t he  f i v e  ecoregions and the  
s ta tew ide  75th p e r c e n t i l e  va lue i s  g iven  i n  Table 6-3. 

Examinat ion o f  t h e  da ta  I n d i c a t e s  t h a t  median values are  s t a t i s t i c a l l y  
d i f f e r e n t  o n l y  between t h e  Huron/Er ie Lake P l a i n  (HELP) s i t e s  and the Western 
Al legheny Plateau (WAP) and Eastern Corn B e l t  P la ins  (ECBP) s l t e s .  Even here, 
however, t he  s i g n i f i c a n c e  i s  marg ina l .  The same t rend  holds f o r  the  25th 
p e r c e n t i l e  values whlch range f rom 34 i n  the  HELP t o  38 i n  the  WAP and ECBP. 
S i m i l a r  v a r i a t l o n  e x i s t s  i n  the  75 th  p e r c e n t i l e  values where a l l  regions score 
f r o m  4 4  t o  48. I t  i s  apparent f rom the  reference s i t e  data t h a t  ecoregion has 
l e s s  e f f e c t  on t h e  I C 1  us ing  Ohio EPA sampling methodology than I t  does on 
headwaters and stream f i s h  comnunlt les.  

To determine t h e  performance o f  t h e  I C I ,  macro inver tebrate data f rom 431 
sampl ing l o c a t i o n s  c o l l e c t e d  f rom 1981 t o  1984 and p rev ious l y  evaluated us ing  
more t r a d i t i o n a l  approaches (1.e.  d i v e r s i t y  index, taxa r ichness,  BPJ) w e r e  
compi led and index values determined. Resul ts  a re  sumnarized i n  Table 6-4 and 
f requency histograms dep ic ted  i n  F igure  6-8. The database cons is t s  of 279 
l o c a t i o n s  t h a t  were evaluated as good o r  except iona l  (no o r  s l i g h t  b i o l o g i c a l  
Impai rment) ,  76 l o c a t i o n s  evaluated as f a i r  (moderate b l o l o g i c a l  Impairment) ,  
and 76 l o c a t i o n s  evaluated as poor (severe b i o l o g i c a l  impairment) .  F a i r  and 
poor  eva lua t i ons  i n d i c a t e d  nonattainment o f  t h e  goals  o f  t he  Water Q u a l i t y  A c t  
( W Q A ) .  Some o f  t h e  l e a s t  impacted good and except iona l  s i t e s  were 
subsequent ly  i nc luded  i n  the  re fe rence s i t e  database. I n  con t ras t  t o  the 
r e f e r e n c e  s i t e s ,  sampling l o c a t i o n s  represented a wide range o f  water q u a l i t y  
and h a b i t a t  c o n d i t i o n s  even among the  good and except iona l  se t  where minor I 

wate r  q u a l i t y  and h a b i t a t  problems may have been e x e r t i n g  In f luences .  
f requency histograms i n  F igure  6-8 revea l  a c l e a r  segregat ion o f  s i t e s  
cons idered t o  have met WQA goals  (good and except iona l )  f rom those s i t e s  
cons idered n o t  t o  have met t h e  goals  ( f a l r  and poor) .  Table 6-4 supports t h i s  
by I n d i c a t i n g  wide separat ion,  bo th  s tatewlde and w i t h i n  ecoregions, I n  a l l  . 
s u m r y  measurements. These r e s u l t s  i n d i c a t e  t h a t  t he  I C 1  can prov ide  an 
o b j e c t i v e ,  q u a n t i f i a b l e ,  and s tandard ized means o f  eva lua t l ng  b i o l o g l c a l  
i n t e g r i t y .  I n  essence, I t  compares stream sampling l oca t i ons  w i t h  proven 
r e f e r e n c e  streams o f  s i m i l a r  s i z e  and ecoregional  c h a r a c t e r i s t i c s .  Th is  
p r e s e n t s  a s u b s t a n t i a l  advantage over eva lua t i on  on a s i t e - b y - s i t e  bas is  us ing  
one or a few comnunity c h a r a c t e r l s t l c s  and/or a heavy r e l i a n c e  on bes t  
p r o f e s s i o n a l  judgement. 

The 
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T a b l e  6-3. Sumnary e c o l o g l c a l  and d r a i n a g e  a r e a  c h a r a c t e r l s t l c s  o f  t h e  
r e f e r e n c e  s ' l t e s  used t o  e s t a b l l s h  a t t a l n a b l e  e c o l o g l c a l  c r l t e r l a  
f o r  O h l o ' s  r i v e r s  and s t reams based on t h e  ICI, 

Eaweqion 

Huron/Erie I n t e r i o r  Erie/Ont. Y. Allegheny E. Corn Stat- i de 
Lake Pla ins Plateau Lake Pla ins Plateau B e l t  P la ins ( a l l  s i t e s  

(HELP) (IP) (EOLP) ' (YAP) ( E W )  oomb i ned) 

1 .  MACROINVERTEBRATES 

1 .  -site Sarple of Five A r t i f i c i a l  Substrates 

Nunber of S i tes 31 19 45 

Drain- Area (mi .2) 

b a n  67 I 274 65 

W i a n  327 I95 40 

Quart i  l e  

( S E I  200 69 I I  

h n g e  15-5544 14-1 145 4-367 

lower (2%) 68 80 20 
upper (7%) 776 358 86 

Invertebrate Cannunity Index ( I C I )  

b a n  38 41 40 
(?SEI I .5 2. I 1.3 
M i a n  38 42 l 42 

Quart i  l e  
Range 18-50 22-56 18-54 

lower (2%) 34 34 M 
upper (7%) 44 48  48 

48 ' 8 9  232 

563 
I76  
I46  

I 5 6 0 8 2  

87 
292 

406 397 
83 57 

I28  I14 
6-3849 4-6082 

55 46 
453 32 I 

42 42 41 

44 44 42 
24-56 12-54 12-56 

I .o 0.9 0 .5  

38 38 36 
46 48 48 

, 
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60  I I ‘m 
I I 

i: 
I 1 

L 
I 

1 

I 4 

0 3; 
I I 1 I I I 

HELP IP E O L P  W A F  ECBP 

ECOREGION 

F i g u r e  6-7. Notched box-and-whlsker p l o t  o f  Ohlo reference s i t e  r e s u l t s  f o r  
the Inve r teb ra te  Comnunlty Index ( I C I )  showlng maxlmum, mlnlmum, 
o u t l i e r s ,  medlan, and upper (75%) and lower (25%) q u a r t l l e  
ranges. Notch over lap between regions Ind lcates t h a t  the medlan 
valbes a re  no t  s l g n l f i c a n t l y  d i f f e r e n t  (p<O.OS). 

QQ:pkzgg 
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Table 6-4. Sumnary ecological characteristics of macroinvertebrate sites 
collected from 1981-84 used to judge the performance of the 
Invertebrate Cornunity Index (ICI). Exceptional, good, falr, and 
poor classifications were based on best professional judgement 
techniques used prior to development of the ICI. 

Ecoreqi on 

HELP IP EOLP WA P ECBP Statewide 

1. ' Good/Exceptlonal Sites (n=279) 

Mean 37 45 
(- +SE) 2.1 1.4 
Med 1 an 38 46 

Quart1 le 
Range 20- 50 30-56 

lower( 25%) 30 38 
upper ( 7 5%) 46 50 

2. Fair 'Sites (n=76) 

Mean 18 13 
(- +SE) 2.4 5.0 
Med 1 an 16 13 
Range 8-28 8-1 8 
Quarti le 
lower( 25%) 15 8 
upper(7~) 22 18 

3. Poor Sites (n=76) 

Mean 4 0 
(- +SE) 1.2 0.0 
Median 4 0 
Range 0-8 0-0 
Quarti le 
lower(25X) 0 0 
upper(75X) 8 0 

- - - - -  

37 
1.2 
38 
20- 54 

30 
46 

17 
0.9 
17 
6-32 

14 
22 

6 
0.7 
5 

0-1 6 

2 
10 

37 
1.6 
36 
20- 54 

32 
44 

16 
1.1 
16 
12-20 

14 
18 

4 
1.1 
4 

0-1 2 

0 
6 

. .  

40 39 
0.7 0.5 
42 40 

1 8- 54 18-56 

36 34 
46 46 

17 17 
0.6 0.6 
16 16 
14-22 6-32 

16 14 
18 20 

7 5 
1 .5 0 .5  
7 4 

0-1 4 0-1 6 

5 1 
10 

- . .  
10 

- .  
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macrolnvertebrate samples collected In Ohio from 1981-84 with 
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Problems Unique t o  the  HELP Ecoregion 

D e f i n i n g  the  WWH c r i t e r i a  f o r  t he  IBI and Iwb i n  t h e  Huron/Er ie Lake P l a i n  
(HELP) ecoregion i nvo l ved  d e t a i l e d  cons idera t ions  o f  pas t  and present  phys i ca l  
h a b i t a t  m o d i f i c a t i o n s .  Based on t h e  s i t e  e v a l u a t i o n  d e s c r i p t i o n s  ( i n c l u d i n g  
Q u a l i t a t i v e  H a b i t a t  Eva lua t i on  Index scores; Table 6-2) .  t h e  f i e l d  
observat ions o f  Ohio EPA b i o l o g i s t s ,  and t h e  d e s c r i p t i o n s  o f  land  use pa t te rns  
I n  t h i s  ecoregion ( W h i t t i e r  et c. 1987) none o f  t h e  wading and headwaters 
re fe rence s i t e s  i n  t h e  HELP ecoregion r e f l e c t e d  " l e a s t  impacted" cond i t i ons  
r e l a t i v e  t o  t h e  re fe rence s i t e s  i n  the  o the r  f o u r  ecoregions. The d i s t i n c t i o n  
I s  w i t h  t h e  widespread degree t o  which macro-habi ta ts  have been a l t e r e d  among 
t h e  headwaters and smal l  streams i n  the  HELP ecoregion. I n t e n s i v e  rowcrop 
a g r i c u l t u r e  and a t tendant  dra inage p r a c t i c e s  (1.e. channel m o d i f i c a t i o n  t o  
Improve subsurface dra inage)  have l e f t  few streams t h a t  f i t  t h e  t r u e  
d e f i n i t i o n  of  " l e a s t  impacted" i n  t h i s  ecoreglon. A s  a r e s u l t  IBI and Ivb 
values f rom the  wading and headwaters re fe rence s i t e s  o f  t h i s  ecoregion 
r e f l e c t  these in f l uences .  Der i v ing  t h e  WWH wading and headwaters s i t e s  
c r l t e r l a  f o r  t h e  HELP ecoregion i nvo l ved  an examinat ion o f  IBI and Id 
r e s u l t s  f rom a l l  s i t e s  sampled du r ing  1979-1986 (F lgs .  6-9 and 6-10).  We 
chose t h e  IBI and Iwb values t h a t  marked t h e  upper 10% ( 9 0 t h  p e r c e n t i l e )  o f  
- a l l  s l t e s  sampled (Tab le  6-5) as an a l t e r n a t i v e  t o  choosing the  25th 
p e r c e n t i l e  o f  t h e  re fe rence s i t e s  (which y i e l d e d  lower values; Table 6-2) .  An 
accompanying rev iew o f  some h i s t o r i c a l  d e s c r i p t i o n s  o f  streams i n  t h i s  
ecoreg'lon (Meek 1889, c . f .  Trautman 1981; K i r s c h  7895; Trautman 1939, 1981; 
Smith 1968; Trautman and Gartman 1974) ass i s ted  i n  making some o f  the  
necessary judgements about a t t a i n a b l e  WH cond i t i ons  i n  t h i s  ecoregion. 

U o d i f i e d  Warwa te r  H a b l t a t  (WHY 

The pervas ive  na tu re  o f  t he  mod i f led  h a b i t a t  cond i t i ons  among the  wading and 
headwaters s i t e s  throughout the  HELP ecoregion prompted t h e  development o f  a 
use des igna t ion  d i f f e r e n t  than WWH. 
concept o f  use des ignat ions  and chemical-numerical  and n a r r a t i v e  c r i t e r i a  w i t h  
t h e  b i o l o g i c a l  c r i t e r i a  approach. The Mod i f i ed  Warwa te r  H a b i t a t  (MWH) 
des igna t ion  app l i es  t o  h i g h l y  mod i f i ed  h a b i t a t s  t h a t  support  t h e  semblance o f  
a w a r w a t e r  b i o l o g i c a l  comnunity, bu t  where t h a t  comnunity f a l l s  s h o r t  o f  
a t t a i n i n g  the  UUH b i o l o g i c a l  c r i t e r i a  because o f  f u n c t i o n a l  and s t r u c t u r a l  
a l t e r a t i o n s  due t o  a l t e r a t i o n s  o f  t h e  macro-habi ta t .  Examples o f  t h i s  i n c l u d e  
most o f  t he  smal l  stream systems i n  t h e  HELP ecoregion t h a t  have been 
e x t e n s i v e l y  channel ized and s t ra igh tened (e.g.  L i t t l e  Augla ize R .  subbasin).  
T h i s  concept i s  a l s o  extended t o  streams i n  t h e  o the r  ecoreglons a l though no t  
t o  t h e  Widespread ex ten t  as w i t h i n  the  HELP ecoregion. A comnon a t t r i b u t e  o f  
a l l  MUH stream segments I s  t h a t  they have been a l t e r e d  by the  phys i ca l  
m o d i f i c a t i o n  of the  stream channel and/or subs t ra te  t o  t h e  ex ten t  t h a t  f u l l  
a t ta inmen t  o f  t h e  WH use I s  n o t  expected I n  t h e  near f u t u r e .  Such Impacts 
a r e  n o t  necessa r i l y  l i m i t e d  t o  a d i r e c t  man lpu la t i on  o f  t h e  stream channel, 
b u t  can I n c l u d e  heavy sedimentat ion and ex tens ive  impoundment. Recovery o f  
such areas t o  WH I s  n o t  p o s s i b l e  w i t h o u t  a recovery o f  t he  stream channel t o  
a p re-mod i f ied  c o n d i t i o n  o r  ex tens ive  basln-wide land use changes (e.g.  
e l i m i n a t i o n  o f  sediment r u n o f f  f rom abandoned sur face  mines).  Areas impacted 
by these a c t i v i t i e s  c o n t a i n  f u n c t i o n a l l y  and s t r u c t u r a l l y  a l t e r e d  f i s h  
c o r n u n i t i e s  r e s u l t i n g  f rom the  degradat ion o f  t h e  macro-habi ta t .  Such a l t e r e d  
c o r n u n i t i e s  a r e  charac ter ized  by a predominance o f  t o l e r a n t  species, a 

Th is  was done t o  b e t t e r  use the  e x i s t i n g  

.'. " 
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Figure 6-9. Frequency hlstogram of Index o f  B lo t lc  I n t e g r i t y  (181) values 
a t  a l l  wading and headwaters s i tes  i n  the HELP ecoreglon during 
1979-1986. 

6-22 



> 
0 
Z 
w 
3 
c1 
W 
U 
lL 

Doc. 001 7e/0402E Users Nanual October 30.@@77 3 0 4 
Procedure No. MQMA-SWS-6 Date Issued 11/02/87 
Revlslon No. 1 E f f e c t l v e  11/02/87 

40 

30 

20 

1 0  

0 

I- 1 

0 1 2 3 4 5 6 7 6 9 1 0  l l  1 2  

MODIFIED I w b  
I 

Figure  6-10. Frequency histogram o f  Nodi f led  Index o f  Well-Being ( I d )  
values a t  a l l  wading s i t e s  I n  the  HELP ecoreglon during 
1979-1986. 

. -  
~- 

- 

c 

6-23 
, 



Doc. 0049e/0013e Users Manual 

Procedure No 
Revision No. 

October 30, 1987 

WOHA-SWS-6 Date Issued 11/02/87 
1 'I Effective 11/02/87 

predominance of functional guilds such as omnivores and generalists, and only 
moderately reduced diversity= Ironlca l y ,  abundance as reflected by fish 
numbers.can be very high as the result of the increased productivity o f  
tolerant species, omnivores, and generalists. Such comnunities are tolerant 
of low D . O . ,  elevated amnonia, and/or nutrient enrichment. 

The MWH use I s  needed to administratively handle those situations where it i s  
known (through demonstrated field studies) that water quality based effluent 
limits based on HUH chemlcal criterla (particularly D.O. and amnonia) are not 
necessary to protect these altered aquatic comnunities, but where application 
of the Limited Resource Waters (formerly Nuisance Prevention) deslgnation i s  
inadvisable because the aquatic comnunity requires some greater level of 
chemical protection, particularly for some toxic substances. However, MWH 1 s  
not being proposed as a way to achieve large scale rnodlfication of streams 
that currently meet the UUH biological criteria. 

Initlally the MWH use will be deslgnated and evaluated based on the fish 
comnunity. Macroinvertebrate results reflected by the IC1 do not apply, 
primarlly because the current sampling method (artificial substrates) 
diminishes the Influence of habltat. These results ulll be used, however, to 
evaluate the significance of any water quality impact5 in MWH designated 
waters. An effort will be made to develop macroinvertebrate evaluation 
techniques that respond' to the macro-habitat modifications included In the MWH 
deslgnatlon. IBI and modlfied I& criteria for the MWH use were established 
by using data from a set of habitat modified reference sites. These sites 
were selected based on their extensively modified nature and grouped into 
three disturbance type categories; 1 )  channelized, 2) mine drainage affected 
(does not include sites wtth chronic low pH), and 3) impounded sites 
(primarily larger streams and rivers excluding publically owned lakes and 
reservoirs). Sites located downstream from point sources and with chemical 
water quality problems were not Included. Because of the number and 
geographical distribution of the modified reference sites we combined data 
from the four non-HELP ecoregions; the HELP ecoregion was analyzed 
separately. The mine affected disturbance type was unique to the WAP 
ecoregion. Sumnary statistics by ecoregion grouping (HELP and Other) and 
disturbance type are given in Table 6-5. 

The Qualitative Habitat Evaluation Index (QHEI; Ohio EPA 1987a) i s  also 
included since it plays a key role in determining the applicability of the MWH 
use designation. A comparison of the MWH and CMH reference sites shows that 
QHEI values are clearly lower for the MWH sites. The lower quartile (25th 
percentile) QHEI values at the W H  reference sites were consistently higher 
than the upper quartile (75th percentile) MWH reference sites. Some slight 
overlap between the minimum W H  QHEI scores and the maximum MWH QHEI scores 
was evident. The relationship between the QHEI and IBI was demonstrated by 
using the CJWH and W H  reference sites data base (Fig. 6-11). The correlation 
was posltlve and slgniflcant for each site category, but some scattering of 
points away from the regression line was evident. Although QHEI i s  an 
adequate evaluation tool for use designation purposes It i s  not a precise 
predlctor of 181. Guidance for designating aquatic life uses I s  discussed i n  
Section 8. 
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Tab le  6-5. Sumnary e c o l o g i c a l  and h a b i t a t  c h a r a c t e r i s t i c s . f o r  t h e  M o d i f i e d  
Warmwater H a b i t a t  r e f e r e n c e  s i t e s  used t o  d e r i v e  t h e  M o d i f i e d  
Wa'rmwater H a b i t a t  (MWH) b i o l o g i c a l  c r i t e r i a .  - 

Channel 1 zed Mine A f f e c t e d  Impounded 

HELP Other MAP Only HELP Other 

1. WADING SITES (Sampler Types D,  

Number o f  S i t e s  1 0  

Number o f  Samples 24 

I n d e x  o f  B i o t i c  I n t e q r i t y  (101) 

Mean 24 
( -  tSE) 0.7 

Range 18-30 24 

1 ouer 22 . 
upper 28 

Q u a r t i l e :  

M o d i f i e d  Index  o f  Wel l -Beinq ( Iwb)  

Mean 

Range 
( +SE 1 

Q u a r t i  l e :  
1 owe r 
upper 

Number o f  Species 

Mean 

Range 
(-  +SE) 

Q u a r t 1  l e :  
1 ouer 
upper 

I -  

E, F )  

12  

25 

32 

48 

28 
36 

1.3 

6.6 6.7 
0.25 0.25 

4.8-8.7 4.0-8.6 

5.6 6.2 
7.3 7.6 

13.9 15.3 
0.9 1.0 

7-25 8-26 

10.5 11 .o 
15.5 18.0 

O u a l i t a t i v e  H a b i t a t  E v a l u a t i o n  Index  ( O H E I )  

Mean 53 49 

7 

17 

30 
,1.4 

26 
32 

22-40 

6.5 
0.26 

4.7-8.2 

5.9 
7.2 

17.5 
1.1 

10-27 

15.0 
20.0 

67 
(- +SE) 3.2 2.9 3.4 
Range s i  -74 36-67 -47-73 

1 owe r 40 40 68 
upper 4 5  55 72 

Q u a r t i l e :  

... . 
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Table 6-5. contlnued. I 

I 

Channelized Mine Affected Impounded 

HELP Other WAP Only HELP Other 

2. BOAT SITES (Sampler type A) 

Number of Sites 7 6 6 7 1 6  

21 48 No. of Samples 20 17 14  

Index of Biotic Inteqrlty (IS11 

Mean 

Range 
Quartlle: 

(2SE) 

lower 
upper 

26 24 
1.2 1 .2  

18-38 20-38 

27 
1.3 

20-36 

28 33 

20-40 16-42 
1.3 0 . 8  

21 26 
29 32 

24 
30 

24 30 
30 36 

Modified Index of Well-Belnq (Iubl 

Mean 
( -  +SE) 
Range 

Quarti le: 
1 ouer 
upper 

6.1 6.5 
0.18 0.25 

4.6-7.7 4.9-8.9 

6.1 
0.20 

4.9-7 - 7  

7.2 7.4 
0.28 0.14 

4.6-9.3 4.6-9.1 

5.5 5 . 8  
6.6 7.1 

5.3 
6.6 

6.7 6 - 9  
8 .0  8 .0  

Number of Specles 

10.9 
0.71 

7-1 5 

Mean 

Range 
( -  t S E )  

Quart1 le: 
1 ouer 
upper 

13.3 13.2 
0.6 1 .o  

9-1 9 9-23 

14.5 13.3 
0.9 0.4 

7 -21 7-20 

1 1  1 1  
16 14 

9 
1 3  

1 I 1 1  
17 1 5  

Qualltative Habitat Evaluation Index (QHEI) 

Mean 
( -  +SE) 
Range 

Quarti le : 
1 ouer 
upper 

56 48 

47-66 36-62 
2 . 5  3.9 

55 

48-63 
2.0 

58 62 
0.6 1 .2  

56-60 56-71 

50 41 
61 54 

51 
57 

56 58 
59 64 
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Table 6-5. cont inued. 

Channelized Mine A f fec ted  I mpo u nd ed 

WAP Only . HELP Other HELP Other 

3. HEADWATERS S I T E S  (Sampler'Types 0, E, and F a t  s i t e s  <20 m i . 2 )  

Number o f  S i t e s  4 

25 -a No. o f  Samples 10 

Index o f  B i o t i c  I n t e g r i t y  (101) 

Mean 25 
( -  +SE) 1.5 
Range 18-32 

lower 22 
upper 28 

Q u a r t i l e :  

29 
0.7 

24-36 

26 
32 

Number o f  Species 

13.6 
0.9 

5-22 

Mean 10.0 
( -  +SE ) 0.7 
Range . 7-14 

1 ower 9 
upper 12 

Quar t i  1 e : 
1 1  
16 

Q u a l i t a t i v e '  H a b i t a t  Eva lua t ion  Index (QHEI) 

Mean 

Range 
( +sE. ) 

Q u a r t i  l e :  
lower 
upper 

45 46 
3.1 1 . 5  

40-53 38-56 

40 43 
50 48 

a combined w i t h  wading s i t e s  due t o  smal l  sample s ize .  

, -6-27 , 
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SECTION 7: BIOLOGICAL CRITERIA FOR OHIO SURFACE WATERS 

Applicability 

The rationale and general concept of biological criteria for the protection of 
aquatic life i s  discussed in detail elsewhere (Ohio EPA 1987b). Derlvation of 
biological criteria follows the tiered aquatic life use hierarchy in the Ohio 
WQS (OAC 3745-1). Since the biological criteria are a direct indication of 
use attainment/non-attainment they logically supercede the accompanying 
chemical criteria surrogates for determining if the applicable aquatlc life 
use designatton i s  attained. This applies to the chemical criteria for 
aquatic life protection purposes only and to biological data that has been 
collected and analyzed according to the procedures outlined in this manual and 
in Ohio EPA (1987a). 

The 25th percentile index values for the reference site data base i s  the 
minimum CMH criterion for each ecoreglon (with the exception of HELP). The 
EWH criterion I s  the 75th percentile value of the combined statewide 
database. The Modified Warwater Habitat (HUH) use designation is based on a 
reference site data base of physically altered streams and rivers within an 
ecoregion that support the semblance of a UWH community, yet cannot f u l l y  
attain the quantitative CMH biological criteria due to long-term and 
essentially irreversible physical rnacro-habitat modifications. Examples of 
such modifications include widespread channelization (e.9. L .  Auglaize R .  
subbasin) and extensive sedimentation due to non-acidic mine runoff impacts 
(e.9. Wills Creek). HUH criteria for the IBI and Iwb were established using 
the 25th percentile values of the MUH reference sites data base for the HELP 
ecoregion and the remaining four ecoregions combined. For the purposes of the 
WQA the MWH designation I s  considered to be a "fishable/swimnable" use. The 
biological criteria are listed in Table 7-1 following the same format as the 
WQS. 

Ecoregion Definitions 

Although It has been demonstrated that attainable biological conditions differ 
between ecoregions, the ecoreglon boundaries do not represent abrupt changes. 
In biological potential. This section describes the method of determining 
which ecoregional criteria should be used t o  evaluate sites that lie close to 
an ecoregional boundary and that are on cross-boundary streams or rivers. To 
determine which ecoregion a site should be considered a part of, the followlng 
procedure should be used: 

1 )  Compare the site to the Ecoregion map (Fig. 2-1) to determine which * 

ecoregions it borders. 

2 )  Compare the terrestrial chara-cteristics of the watershed with the 
sumnary from the five ecoregions of Ohio (Table 2-1';also see Whittier 
-- et al. 1987). 

7-1 
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i 
T a b l e . 7 - 1 .  Format f o r  b i o l o g i c a l  c r l t e r i a  i n  the Ohio  Water Q u a l i t y  Standards 

i r e g u l a t i o n s ,  OAC 3745-1-07, Table 1 2 .  

Modified Wamter Habitat Warmeter Except iona I 

Index/Ewregion channel Mod. Mine Affected Inpounded Habitat Warmrater Habitat 
I 

1 .  index o f  B io t i c  In tegr i t y  (Fish) 

A. Wading Sites1 

Huron/Er i e 
Lake Plain 

In te r io r  Plateau 

E r  ie/0ntar i o  
Lake Plain 

Western A I  legheny 
PI ateau 

Esshrn Corn 
Be l t  Plains 

Huron/Er i e 
Lake Plain 

22 

28 

28 

28 

28 

26 

32 

36 
\ 

38 

42 

40  

50 

50 

50 

M 

50 

22 24 34 50 

i n te r i o r  Plateau 26 M 38 50 

Erie/0ntario 

E .  
Lake Plain 26 M 36 50 

Yestern Allegheny 
PI ateau 26 24 M 38 50 

. Esshrn Corn 
Be l t  Plains 26 M 42 M 

I Sarpl  ing nethods descr lpt ions are found i n  the Ohio EPA Manual of Survei I lance Methods 
and Quality Assurance Practices (Ohio EPA 1987a). 

I 
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Table 7 -1  continued. 

l b d i f i e d  Waraater Habitat Warmrater Except i one I 

IndedEcoregion Channel Hod. Mine Affected Inpounded Habitat Warmrater Habitat 

32 50 

40 50 

C. H e d a t e r s  sites' 

Huron/Er i e  
Lake Plain 22 

Inter ior  Plateau 26 

E r  ie/Ontar i o  
Lake Plain 26 

Yestern AI legheny 
P I  ateau 26 

Eashrn Corn 
Be l t  Plains 26 

I I .  M i f i e d  Index of WellSeing (Fish)' 

A. Wading Sites' 

Huron/Er i e  
Lake Plain 5.6 

Inter ior  Plateau 6 .2  

Erie/l)ntario 
Lake Plain 6.2 

Yestern Allegheny 
PI ateau 6.2  5.9 

Eastern Corn 
Be l t  Plains 6 .2  

26 40 50 

40 50 

7.3 9.4 

8.4 9.4 

8.0 9.4 

8.5 9.4 

8.5 9.4 

I Smnpl ing methods descriptions are found i n  the .Ohio EPA Manual of Survei I lance Methods 
and Qual i t y  -Assurance Precticas (Ohio EPA 19678). 
Does not apply t o  s i tes w i t h  drainage areas less than 20 square miles. 
M i f i a t i o n  of the 181 t h a t  applies t o  s i tes w i t h  drainage areas less than 20 square 
mi  les.  

._ - 
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T a b l e  7 -1  c o n t l n u e d .  

Modified Warmeter Habitat Warnuater Exceptional 

Index/Eooregion Channel Mod. Mine Affected Impounded Habitat Wanmeter Habitat 

HurodEr i e  ' 

Lake Plain 5.5 

. Interior Plateau 5.8 

Erie/Ontario 
Lake Plain 5.8 

Western A I  legheny 
PI ateau 5.8 5.3 

Eastern Corn 
Be l t  Plains 5.8 

I V .  Invertebrate Camnunity Index (Macroinvertebrates) 

A. Art i f ic ia l .Substrate S a p l e r s l , 2  

Huron/Er i e  
Lake Plain 

In te r io r  Plateau 

Erie/Ontario 
Lake Plain 

Western Allegheny 
PI ateau 

Eastern Corn 
Be l t  Plains 

6.7 8.6 

6.9 8.8 

6.9 8.3 

\ 

6.9 8.4 

6.9 8.7 

9.5 

9.5 

9.5 

9.5 

9 . 5  

34 48 

34 48 

34 48 

38 .48 

38 48 

I SmpIing mthods descriptions are found i n  the Ohio EPA Manual of Surveillance Gthods 
and Quality Assurance Practices (Ohio EPA 19878). 
IC1 c r i t e r i a  for  mscroinvertebrates do not apply t o  the Modified Warmwater Habitat use 
designation. 
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3 )  Compare the physical habitat found at the site with the predominant 
habitat characteristics of the bordering ecoregions. Stream habitat i s ,  
largely determined by the characteristics of the parent watershed 
(Hynes 1975). Figure 20 in Whittier et al. (1987) describes a 
preliminary analysis and profiles of cover and substrate from each Ohio 
ecoregion. 

4 )  Compare the biological cornunities found at'the site with what was 
found In the ecoregion (see Whittier et al. 1987). This may be 
difficult I f  the site i s  severely impacted; however, certain fish and 
macroinvertebrate species appear to be predominant in certain 
ecoregions (Hacroinvertebrates: see Fig. 70; Fish: see Figs. 2 and 3, 
in Whittier et al. 1987). The classification of nearby, unimpacted 
sites can also be examined and compared to ecoregional expectations. 

5) Based on the physical habitat and biological characteristics the site 
in question should then be considered a part of5the ecoregion to which 
it compares best. 

, 
This approach recognizes that most ecoregional "boundaries" are more 
transltional than they are discrete. Some boundaries are defined by more 
abrupt changes in land-surface form. This situation may produce a physical 
habitat that supports biological cornunities characteristic o f  the EWH use. 

Slte-specific Criteria Hodlflcation 

In situations where the biological criteria are not met because of the natural 
attributes of the surface water and/or watershed a site-specific modification 
of the criteria may be.performed. This procedure recognizes that there may be 
habitats that do not meet the ecoregional criteria due to unique, site and/or 
watershed specific Characteristics. 
the low gradient "swamp" or wetlands streams in the Erie/Ontarlo Lake Plains 
ecoregion. Some o f  these sites were selected i n  the original SRP study 
design, but were later rejected as reference sites because of their "atypical" 
habitat characteristics. These habitats generally yield results that 
translate Into inherently lower scores for the biological indices. Other 
similar situations m a y  exist throughout the state. 
confused with sites affected by macro-habitat modifications which are handled 
with the Hodlfied Warmater Habitat (HWH) use designation. Any proposal to 
modify a criterion must be approved by Ohio EPA and be included in the WQS 
rulemaking process. 

A possible example of this are some of 

These should not be 

-- - 
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fosslble Future Changes to the Biological criteria 

The blologlcal crlterla are based on the prevalllng background conditlons at 
"least Impacted" reference sltes across the state during the period 
1979-1986. Thls follows the guidance of Hughes et al. (1986) and recognizes 
that attainable blologlcal comnunlty structure and function i s  influenced by 
such widespread actlvitles as intenslve land surface uses (e.9. row crop 
agriculture, surface mlnlng), natural stream channel alterations (e.9. 
channellzatlon), human settlement, roads and hlghways, and general land 
surface converslon (e.9. deforestation) to suit socloeconomlc desires. The 
"least Impacted" conditlons are not Intended to represent pristine, ujlderness 
or pre-Columblan conditions (Hughes et a. 1982; Whlttier et al. 1987). 
Instead we recognlze that the aforementioned factors together have Influenced 
the ability of watersheds to support a certain level o f  blologlcal 
performance. Thus the current biological crlterla are set to reflect what i s  
reasonably attainable glven these background conditions. 
that the crlterla*cannot change i f  It becomes apparent that these pervasive 
influences have changed through Improved control programs or other means. To 
determine If the reference site database has changed significantly, perlodic 
monltorlng of selected sltes and watersheds may be necessary. Much of this 
can.be accomplished vla the routine actlvlties of Ohio €PA and other state 
agencles (e.9. ODNR, ODOT). If It becomes apparent that the biologlcal 
condltton of most o f  these sites i s  "improved" then a recalculation of the 
blologlcal crlterla would be In order. The current crlterla represent the 
base or floor that can be expected for the ecoregions of Ohio. Any 
modlficatlon o f  the criteria would be subjected to the requirements of the WQS 
rulemaklng process. 

This does not mean 

7-6 



Doc. 0050e/0013e Users Manual 
w 2 3 0 4  

October 30, 1987 

Procedure No. WQMA-SMS-6 Date Issued 11/02/87. 
Revislon No.  1 I' Effective 11/02/87 

SECTION 8: GUIDELINES FOR BIOLOGICAL 
CRITERIA USE AND APPLICATION 

This section describes general guidance on biological database development, 
general study design, and results interpretation for using the Ohio WQS 
biological criteria. This is not an attempt to convey a "cook book" approach 
to determining how to use the biological criteria. 
trained biologist in 'deciding which field methods to use, which organism 
groups to sample, which data analyses to use, how to Interpret the results, 
evaluating use attainment/non-attainment, and the designatlon of  appropriate 
aquatic life uses. 

It is designed to assist a 

Guidelines for Minimum Acceptable Data 

Guidelines for generating an acceptable biological database are outlined in 
Table 8-1. The minimum acceptable Information for evaluating compllance wjth 
biological criteria in "simple" situations is either fish or macroinvertebrate 
data generated using methods described in this manual and Ohio EPA (1987a). 
As the complexity of the environmental setting and accompanying influences 
increase, the complexity of the database also increases. We recomnend that 
both fish and macroinvertebrate comnunlty analyses ba'sed on quantitative field 
methods (Ohio €PA 1987a) be used in these more complex situations. Table 8-1 
includes many of the situations that Ohio €PA has encountered during the past 
eight years; however, it should not be considered all inclusive. A list of 
Ohio EPA study areas with the current availability of  reports that detall the 
results of each is listed In Appendix F. The reports included In this listing 
provide examples o f  study design, sampling site location, and biological data 
evaluation. It is recomnended that Ohio EPA be consulted prior to conducting 
field work so that these types of issues can be resolved prior to field 
samp 1 1 ng . 

:r 

' 7 1  

Study Deslqn and Data Interpretation 

The usefulness of any biological evaluation designed to determlne use 
attalnment/non-attainment is as dependent on proper study design as it 1s on 
the quality of the field sampling and data analysis. One drlvlng principle 
behind the Interpretation of biological results i n  flowing waters is an 
examination of those results along a longitudinal 'continuum". Sampling sites 
should be located upstream from the potential influences (or at a suitable 
reference site in an adjacent water body), adjacent to the zone of Initial 
mixing (point sources, sewer overflows, tributaries), In the recovery zone, 
and at polnts downstream sufficient to detect full recovery, If possible. 
Upon completing Index calculations the results are plotted in a classic "x vs. 
y" manner where the x variable is distance downstream (i.e. river mile) and 
the y variable Is the biological Index value (e.g. IBI, I&, or ICI). It 
should be understood that the upstream slte(s) do not necessarily represent a 
true control for evaluating what biological performance i s  attainable at 
downstream sites. Ecocegi.ona1 rpference sites are to be used for this purpose 
as well. 
credible evaluatlon of any envlronmental.impacts. Too often stream and river 

A sufficient number of sites must also be sampled t o e n s u r e  a 
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Table 8-1. Guldellnes for determinlng the complexlty of the biological 
database for evaluatlng compliance wlth the blologlca1,crlterla 
In the Ohlo WQS. 

F l s h  Comnunlty Hacrolnvertebrates 
Situation I61 Irrb Quant. Qual. 

l."Simple" - single Influence, X ,  or 
<20-50 sq. m i .  dralnage area. 

X 

2.'Complex" - multiple influences, X ,  and X ,  and X 
larger streams, rivers. . 

3. Toxlclty evaluations X ,  or X ,  and X 

4. Hacro-habitat modlflcatlon X ,  or X -a 

5. Nonpoint subbasln assessment X ,  and X 

6. General problem dlscovery (1.e X ,  or X ,  and X 
prevlously unknown or poorly 
understood problems are suspected) 

7. Intermlttent influences (e.g. X ,  or. X ,  and X 
CSO, storwater, batch dls- 
charges ) 

8. Large rlver assessments (l.e. use X,  and X ,  and. X 
of boat methods for fish) 

a Quantltatlve macrolnvertebrate evaluatlon uslng multiple-plate (artlf lclal 
substrate) samplers does not apply. to macro-habltat modlflcatlons; a 
macrolnvertebrate evaluation procedure i s  under development. 



Doc. 0050e/0013e Users Manual 
wu a 0 4  

October 30. 1987 

Procedure No. WQMA-SWS-6 D a t e  Issued 11/02/87 
Revis ion No. 1 ( I  E f f e c t i v e  11/02/87 

s tud ies  con ta in  too  few s i t e s .  The p o s i t i o n  o f  p o t e n t i a l  phys i ca l  and 
chemical in f luences  i s  inc luded on the I'top'' x a x i s  and the  corresponding 
b i o l o g i c a l  response i s  then i n t e r p r e t e d .  S i g n i f i c a n t  departures below the 
b i o l o g i c a l  c r i t e r i a  f o r  the sur face water body I n  ques t ion  a r e  an i n d i c a t i o n  
o f  use non-attainment. Th is  method n o t  on ly  answers the  ques t ion  o f  whether 
o r  n o t  the  use i s  o r  i s  no t  a t ta ined ,  b u t  shows how s i g n i f i c a n t  any p a r t i a l  
a t ta inment  o r  non-attainment i s .  This i s  known as assessing t h e  magnitude 
( i . e .  d i s tance  downstream) and s e v e r i t y  (1.e. v e r t i c a l  depar ture f rom the  
c r i t e r i o n )  o f  an observed impairment. Th is  type o f  i n fo rma t ion  can then be 
fac to red  i n t o  r e g u l a t o r y  dec is ions  on how much a d d i t i o n a l  p o l l u t a n t  removal i s  
needed t o  achieve aquat ic  l i f e  use at ta inment  i n  a d i r e c t  sense. 

I t  i s  a l s o  poss ib le  t o  evaluate r e s u l t s  on an i n d i v i d u a l  s i t e  bas is  as a 
r e f l e c t i o n  o f  at ta lnmenthon-a t ta inment  i n  a p a r t i c u l a r  watershed o r  
subbasin. T h i s  i s  p a r t i c u l a r l y  t r u e  i n  eva lua t i ng  the  e f f e c t  o f  land use 
p rac t i ces  and p o t e n t i a l  changes w i t h  the  implementat ion o f  B e s t  Management 
Prac t ices  ( B M P s ) .  Study design and data i n t e r p r e t a t i o n  a re  somewhat d i f f e r e n t  
f rom the  l o n g i t u d i n a l  des ign I n  t h a t  one s i t e  i s  used t o  evaluate the  
i n t e g r a t e d  c h a r a c t e r i s t i c s  o f  the  watershed above t h e  s i t e .  
d i f f e r e n t  land use p rac t i ces  i n  two d i f f e r e n t  basins could conceivably  be 
evaluated w i t h  as f e w  as two s i t e s .  Th is  o f  course f s  dependent on the  s i z e  
o f  t he  watershed and t h e  inherent  complex i t ies  o f  the  s i t u a t i o n .  This a l s o  
demands c a r e f u l  s e l e c t i o n  o f  s i t e s  t h a t  a re  rep resen ta t i ve  o f  t he  watershed as 
a whole. 

The e f f e c t s  o f  

Other I n fo rma t ion  may be needed t o  supplement the  use o f  b i o l o g i c a l  data i n  
making regu la to ry  dec is ions .  Eva lua t ion  o f  t he  phys i ca l  h a b i t a t  us ing  the  
Q u a l i t a t i v e  Hab i ta t  Eva lua t i on  Index (QHEI) i s  performed r o u t i n e l y  by Ohio EPA 
f i e l d  b i o l o g i s t s .  Th i s  i n fo rma t ion  i s  c r i t i c a l  i n  determin ing whether o r  no t  
the  observed b i o l o g i c a l  response i s  p a r t l y  or  who l l y  a f f e c t e d  by h a b i t a t .  
Chemical data f rom t h e  stream and e f f l u e n t  w i l l  be needed i n  the eva lua t i on  o f  
p o i n t  and nonpoint  sources. Event r e l a t e d  data may be needed I n  the 
eva lua t i on  o f  i n t e r m i t t e n t  sources such as combined sewer over f lows,  s t o r m  
water discharges, and nonpoint  sources. I n  s i t u a t i o n s  i n v o l v i n g  t o x i c  
discharges whole e f f l u e n t  bioassay t e s t i n g  may be necessary. These data 
p rov ide  the  " l i n k "  between the  phys i ca l  and chemical na ture  o f  t he  
p e r t u r b a t i o n  and the  magnitude and s e v e r i t y  o f  the  corresponding use 
impairment ( b i o l o g i c a l  degradat ion) .  

The r o l e  o f  a t r a i n e d  b i o l o g i s t  i n  the use o'f the b i o l o g i c a l  c r i t e r i a  approach 
I s  c r i t i c a l  t o  i t s  successfu l  implementation. The under ly ing  bas is  f o r  t he  
c r i t e r i a  themselves a r e  complex and the  requirements f o r  bas ic  data c o l l e c t i o n  
and ana lys i s  demand t h e  use o f  a s k i l l e d  p ro fess iona l .  
p rov ide  f u r t h e r  d e t a i l s  about t h i s  issue.  

Proper study design, sampling, and data ana lys i s  a r e  a l s o  e s s e n t i a l  f o r  
determin ing the  appropr ia te  aquat ic  l i f e  use. Other programnat ic uses o f  
b i o l o g i c a l  c r i t e r i a  i n c l u d e  the*_eva lua t ion  o f -an t i -deg rada t ion  app l i ca t i ons ,  
assessing the  s i g n i f i c a n c e  o f  non-compliance, and the  rank ing  and 
p r i o r l t i z a t l o n  o f  Issues f o r  g ran t  awards o r  regu la to ry  ac t i on .  Thus q u a l i t y . . '  
s tudy des ign and data i n t e r p r e t a t i o n  a r e  c r u c i a l  g iven  the  p o t e n t i a l l y  broad 
a p p l i c a t i o n s  o f  the  b i o l o g i c a l  c r i t e r i a .  

Karr  et u. (1986) 

0 

J *; 

.L . . * . e _  
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Establishing Aquatic Life Use Desiqnations 

Determining which aquatic life use designation applies to a gqven water body 
is prlmarly based on the ability of the available habitat to support a given 
use. Two important factors are involved and include an assessment of the 
physical habitat and a knowledge of what the habitat will biologically 
support. First and foremost a showing that sufficient sites in a study area ' 

are biologically achieving a particular use Is direct evidence that the use is 
appropriate. This is particularly important for designating waters as 
Exceptional Warwater Habitat (EWH). Physical habitat Is evaluated using the 
Qualitative Habitat Evaluation Index (QHEI). Although it is not an exact 
.predictor of the biological indices there are threshold values above or below 
which we can be certain that a given use is appropriate. The proposed Ohio 
WCJS list six different aquatic life uses: Exceptional Warmwater Habitat 
(EWH), Warmwater Habitat ( W H ) ,  Modified Warmwater Habitat (MWH), Coldwater 
Habitat (CWH), Seasonal Salmonid Habitat (SSH), and Limited Resource Waters 
(LRW). All except the LRW use reflect 'fishable/swimnable" uses. The W H ,  
EWH, and MWH criteria for the 161, Iub, and IC1 (by method) are listed as 
they appear in the proposed Ohio WQS (Table 7-1). 

Exceptional Warmwater Habitat (EWH) , 

These are waters capable of supporting unusual or exceptional populations of 
warmwater fish and associated vertebrate and Invertebrate organisms and plants 
on an annual basis. This includes waters of exceptional chemical quality that 
support sensitive species of fish, exceptionally diverse aquatic comnunlties, 
and/or outstanding recreational or comnercial fisheries. The biological 
criteria for the EWH use reflect this being set at the 75th percentile of the 
biological index results for the least impacted reference sites. This use 
designation is applied to waters that demonstrate the ability to sustain EWH 
levels by achieving the criteria at a sufficient number of sites for one or 
more of the biological indlces. It is not necessary for both fish and 
macroinvertebrates to demonstrate attainment for a water body to be designated 
EWH. In our experience both organism groups usually demonstrate EWH i n  the 
majority of EWH designated waters. 

Warmwater Habitat ( W H )  

These waters are capable of Supporting balanced, reproducing populatlons o f  
w a r w a t e r  fish and associated vertebrate and Invertebrate organisms and plants 
on a n  annual basis. W H  is the most widely applied of any of the aquatic life 
use designations. This use is applied to those waters that either demonstrate 
biological attainment at a sufficient number of  sites or provide adequate 
habitat for supporting the use. QHEI values that exceed the ecoreglon 25th 
percentile values (Table 6-2) recorded at the least impacted reference sites 
demonstrate the capability to support W H .  QHEI values below the eccfregion 
25th percentile of the least Impacted reference sites, but above the 75th 
percentile value of the Modified Warnwater Habitat (MWH) reference sites 
(Table 6-5) indicate the potential for marginal habitat. Application of W H  
t o  these sites will be determined on a case-by-case basis by the investigating 
biologists. Factors such as the pervasiveness of  the marginal conditions and 

OQpJ&.QB 
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the biological performance of simllar sltes outside of areas directly 
influenced by chemical pollution sources will be Considered. Q H E I  scores less 
than the 75th percentile of the MWH reference sites are an indication that WWH 
m a y  not be attainable. This should be confirmed by a blological showing that 
WH is not attained outside of areas directly influenced by chemical pollution 
sources. Options include retaining the W H  use, but modifying the blologlcal 
criteria, or designation as a Modified Warwater Habitat (MWH) water. The 
former will likely include unique natural conditions (e.g. swamp stream 
habitat) while the latter must tnclude extenslve modifications to the 
macro-habltat of anthropogenlc orlgin. 

Modified Warmwater Habitat (MWH) 

This use Is applled to streams and rivers that have been subjected to 
extensive macro-habitat modification. This includes, but is not llmlted to, 
channel maintenance activities approved under Sectlon 404 of the WQA, instream 
impoundment (excluding publically owned reservoirs), and sedimentation 
resulting from non-acidic runoff from surface minlngpctivltles. A decision 
making flow chart directed primarily at this use is presented in Figure 8-2. 
The W H  use is based solely on the fish comnunity; the IC1 criteria do not 
apply to thls use. As stated previously, a showing that the UWH criteria for 
the IBI and Iwb are attained means that UWH could apply, even though the 
macro-habitats have been modified. Therefore, non-attainment of the WWH fish 
comnunity criteria must be demonstrated before 'the MWH use can be considered 
and designated. A Q H E I  less than the 75th percentile of the MWH reference 
sites is insufflclent alone. 

Coldwater Habitat (CWH-) 

These are waters capable of supporting populatlons o f  coldwater fish and 
associated vertebrate and invertebrate organlsms and plants on an annual 
basis. Successful reproduction of salmonlds is not essential. The exlstence 
of a put-and-take salmonid fishery may also be used to deslgnate CWH, but thls 
activity must be sanctioned by the Ohlo Division of Wlldlife. Table 8-2 
provides a list of fish and macroinvertebrates that are characterlstlc of  
CWH. Designating a stream CWH based on non-salmonid species and taxa requires 
a showing of predominance, not mere presence in the comnunity. Presently 
there are no I B I ,  modified Iwb, or IC1 criteria for the CWH use. 

Seasona.1 Salmonid Habitat ( S S H )  

These waters are capable of supporting the passage of salmonlds from October 
through May. There are no biological criteria for this use since the UUH or 
EWH use Jointly apply with SSH. 

- -  Limited Resource Waters - - 

These are waters that have extremely limited physical habitat due to natural 
limitations or extreme alterations of anthropogenlc origin. An example of the 
former are small, ephemeral streams of  with drainage areas less than 3 sq. 
m l .  Rn example of the latter are streams affected by chronic acid runoff .from 

0081SI 
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Table 8-2. A list of flsh specles and macroinvertebrate taxa that have been 

and coldwater habltats in Ohio. . 
. collected by Ohio EPA and are considered to be indicative of cool 

Fish Macroinvertebrates - 
Brown trout (Salmo trutta)’ Crustacea 
Rainbow trout (Salmo gairdner1)l 
Brook trout (Salvelinus fontlnalis) Ephemeroptera 
Brook stickleback (Culaea inconstans) Ameletus sp. 
Redslde dace (Clinostomus elonsatus) Odonata 
Mottled sculpin (Cottus bairdl) 

Gamnarus minus 

Lanthus parvulus 

Leuctra sp. 

Nigronla fasclatus 

Dlplectrona sp. 
Hydropsyche (Ceratopsyche) slossonae 
Rhyacophila sp. 
Glossosoma sp. 
Frenesla sp. 

Krenopelopla sp. 
Macropelopia sp. 
TrissopeloDia sp. 
Diamesa sp. 
Eukiefferiella devonica group 
Heterotrlssocladius marcidus group 
Thlenemanniella Type 2 

Plecoptera 

Megaloptera 

Trlchoptera 

Diptera 

1 .species I s  introduced and usually the result of a put-and-take fishery. 
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sur face mines w i t h  susta ined pH values l e s s  than 4.1 S.U. or severe streambed 
sedimentat ion.  As  the  r e s u l t  o f  severe h a b i t a t  l l m l t a t l o n s  LRW waters a re  no t  
a b l e  t o  a t t a l n  even the  MWH b i o l o g i c a l  c r i t e r l a  ( F l g .  8-2) ou ts lde  o f  a r e a s  of  
chemlcal p o l l u t i o n .  Q H E I  a lone may be s u f f i c i e n t  t o  determine the  
appropr ia teness o f  the  LRW des ignat ion  i f  the  score i s  less  than the 25th 
p e r c e n t i l e  o f  the  mJH headwaters re ference s i t e s .  

Eva lua t i ng  Use Attainment/Non-attainment 

Determining whether or n o t  a stream o r  r i v e r  segment i s  a t t a i n i n g  i t s  
designated aquat ic  l i f e  use u s u a l l y  invo lves  p l o t t l n g  the  b i o l o g l c a l  index 
values i n  the  aforementioned x vs. y manner. F igure  8-1 prov ides an example 
o f  t h i s  type o f  ana lys i s .  Aquat ic l i f e  use a t ta inment  i s  p r i n c t p a l l y  judged 
on the  a b i l i t y  o f  a water body t o  achieve the  b i o l o g i c a l  c r i t e r i a .  
T r a d i t i o n a l l y  t h i s  has been done us ing  bes t  p ro fess iona l  judgement i n  
eva lua t i ng  the  a t ta inment  o f  chemical c r i t e r i a  surrogates.  I n  the  absence o f  
sound b i o l o g i c a l  da ta  these c r i t e r i a  may s u f f i c e ,  b u t  a t  a lower l e v e l  o f  

'eva lua t ion .  

The s i g n i f i c a n c e  o f  any observa t ion  o f  non-attainment,is based on the 
magnitude o f  t he  v e r t i c a l  depar ture o f  the  index va lue f r o m  the  ecoregion 
c r i t e r i o n  and the  d i s tance  downstream over which i t  i s  susta ined.  The area o f  
depar tu re  can be q u a n t i f i e d  as a value termed the  Area o f  Degradation Value 
(ADV). Guidance f o r  c a l c u l a t i n g  the  ADV i s  c u r r e n t l y  under development. The 
example i n  F igure  8-1 shows bo th  at ta inment  and s i g n i f i c a n t  non-at ta inment of  
t he  WH use. Ranges o f  except iona l ,  good, f a i r ,  poor, and very poor 
b l o l o g i c a l  comnunity c o n d i t i o n  have been de f ined f o r  each o f  t he  th ree  
b i o l o g i c a l  I nd i ces  (F igures  8-3 t h r u  8-4; Tables 8-2 and 8-4) .  These a re  
l a b l e d  on F igure  8-7 t o  a s s i s t  w i t h  i n t e r p r e t i n g  the  magnitude and s e v e r i t y  o f  
t h e  non-at ta inment and .por t ray  i t  i n  terms understandable t o  non -b io log l s t s .  
The shaded boundaries r e f l e c t  the  area o f  i n s i g n i f i c a n t  depar tu re  f o r  each 
index and a s s i s t  I n  i n t e r p r e t i n g  the  s i g n i f i c a n c e  o f  dev ia t i ons  below the  
a p p l i c a b l e  b i o l o g i c a l  c r i t e r i o n .  This  i s  based on the  v a r i a b l l i t y  Inherent  t o  
each index as discussed i n  Appendix D. Values t h a t  l l e  above the  shading 
i n d i c a t e  f u l l  a t ta inment  and those below i n d i c a t e  i n c r e a s i n g l y  s i g n l f l c a n t  
non-at ta inment.  Values w i t h i n  the  shaded boundary i n d i c a t e  i n s i g n l f l c a n t  
depar ture,  b u t  t h i s  should be evaluated aga ins t  what ad jacent  s i t e s  achieve. 
S i t e s  o f  marked h a b i t a t  c o n t r a s t  (e.g. f ree - f l ow ing  vs. impounded) should no t  
be connected. The "odd" s i t e s  should be disconnected f rom the more 
predominant types. QHEI r e s u l t s  can a l s o  be used t o  a s s i s t  w i t h  dec ld lng  
whether o r  not  cont iguous s i t e s  should be connected. 

General ly,  a t ta inment  o f  CJWH and MWH i s  achieved when a l l  o f  t he  b l o l o g i c a l  
c r i t e r i a  (181, ICI, and I d )  a r e  met. Thus i f  one organism group o r  index 
meets t h e  WWH c r i t e r i a ,  bu t  t h e  o ther  group o r  index does n o t  t he  use i s  on ly  
p a r t i a l l y  a t t a i n e d .  Th is  has been observed between organism groups (see Ohio 
EPA 1987b). bu t  can a l s o  take  p lace  between t h e  18-1 and Iwb based on f i s h .  
Non-attainment i s  r e f l e c t e d  by a f a i l u r e  o f  all i nd i ces  t o  meet- the  app l icab le -  
c r i t e r i o n .  For EWH des igna t ion  on ly  one o f  t h e  th ree  b i o l o g i c a l  i nd i ces  need 
demonstrate a t ta inment  o f  EWH c r i t e r i a  ou ts ide  o f  any areas o f  chemical 
degradat ion.  For EWH use at ta inment  the  same procedure f o r  UWH and MWH 

L app l i es .  .. . I 

\.. b . I u *  . I  
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F i g u r e  8-1: Example o f  how b l o l o g l c a l  Index r e s u l t s  a r e  p l o t t e d  i n  an " x  
vs. y. manner t o  enable t h e  i n t e r p r e t a t i o n  o f  t h e  s l g n i f l c a n c e  
of  an env i ronemtal  impact. Chemlcal p o l l u t l o n  sources a re  
i n d l c a t e d  a t  t he  t o p  o f  t he  f i g u r e .  
WH and i s  loca ted  I n  the  EOLP ecoregion; uadlng s i t e s  c r i t e r l a  
app ly  t o  the  I81 and mod i f l ed  I&. 

The stream l s  deslgnated 
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~~ 

brtrrmlvr mro- m t t o t  mi inca t ton  t r  the 
b u l l  o f o n  er Pbrr of ttm Fol lwlnp 

Dtsturbance Types: 
1 )  Chennellmtion 
2) lmpoundmnt 
3) Extcrulw stdlmcntatlon from abandoned 

surface mine runoff 

Do S i t n  Outside of the brect Influence of 
Chemical Pollution Sources ntat the WWH H.bitd(WWH) 

1 
OLS) 
1 

It the Segment/ 
Watershed Affected 

by Wide¶preed 
Sedimcntatlon f rom 
A ba ndo nedSur fect I PlineRunoff7 

I + 
rn 

m 

QHEI Scores A r e  
B75th XIlU o f  the 

KWH R e f e r e m  
Sit- for the 

Applicable Mstur,bsncc 
T U P  

\ 

Direct Influence o f  
Chemicel Pollutlon 

tkct.the H W H  Criteria 
for the 181 and l v b ?  

Is Watershed Size Q H f l  Score3 Arc Inter- 
medlatc Bctveen H W H  
and WWH; Therefore 

1 

l bc  Des ip~ t lon  i s  Based 
on 'BPJ' Taking Into 
Account Disturbance 

Type, Any Recovery, and 

r 7 Z G r - l  
Resomrtr 

nppiics 

Do Sites Outside o f  the Olrect 
Influence o f  the Chemical Pollution 

Sources Meet the MWH Criteria 

4 
tWirmv.ter 1 

.. .. ._ 

x. 

k 8 b i t d  for the 181 and I v b ?  I 
h H )  I * ' 

Applies 

(YES)- 
1 the  median QHEI f rom the  HELP ecoreglon re fe rence s i t e s  I s  used as an 

a l t e r n a t i v e  va lue  f o r  the  wading and headwaters s i t e s .  

F igu re  8-2. Flow c h a r t  for determin ing  the  use des igna t ion  o f  stream and 
r i v e r  segments t h a t  have been subjected t o . e x t e n s l v e  
macro-habi ta t  m o d i f i c a t i o n  (emphasis I s  on the Mod i f i ed  
Warmdater H a b i t a t  use des ignat ion) .  

- - - _  - .  

. .  
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8-3. Conceptual response o f  f i s h  comnunlty s t r u c t u r a l  and 
f u n c t i o n a l  a t t r i b u t e s  as por t rayed by se lec ted  Index o f  B i o t i c  
I n t e g r i t y  m e t r l c s  and t h e  t o t a l  IBI score. 
d e s c r l p t l o n s  o f  f l s h  comnunlty c o n d l t l o n  a r e  c o r r e l a t e d  w i t h  
v a r y l n q  l e v e l s  and types of envl'ronmental p e r t u r b a t l o n .  The 
LMH, W H ,  and EWH b l o l o q l c a l  c r l t e r l a  and except iona l ,  good, 
f a l r ,  poor,  and very  poor ranges a re  l n d l c a t e d  f o r  t h e  161. 

N a r r a t l v e  
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Figure 8-4. Conceptual response of macroinvertebrate comnunlty structural 
and functlonal attrlbutes as portrayed by selected 
Invertebrate Comnunlty Index metrlcs and the total IC1 score. 

condltlon are correlated wlth varying levels and types of  
environmental perturbation. 
crlterla and exceptional, good, falr, poor, and very poor 
ranges are indlcated f o r  the ICI.  

. .  - Narrative descrlptlons of  macrolnvertebrate comnunlty - 

The WWH and EWH blologlcal 
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Table 8-2. Conceptual response of fish comnunity structural and functional 
attributes as portrayed by modified .Index of Well-Being ( T u b ) .  
Narrative descriptions of fish comnunity condition for good, fair, * 

.poor, and very poor ranges are indicated. 

C 
8 

t - - - MEETS CVA GOALS - - 
g 

r 
0 "Exceptionalw -'Good" 

- - - - - - D(xS NO7 MEET CWA GOALS - - - - - - 
* 

wPoorw Very Poor- "Fai rw 

Y 

I .a 

2. 

3 .  

4.b 

5 .  

6. 

Exceptional, or 
unusual assentilage 
of species 

Sensitive species 
abundan t 

Exceptionally 
high species 
richness 

Cupsite index 
Greater than 9.5 

Outstanding 
recreational 
f i shery 

Usual association 
of expected species 

Sensitive species 
present 

High species 
richness 

Caposite index 
Greater than 
7.4 - 8.6b, 
Less than 9.4 

Spscies with an 
endangered; threatened, or 
special amcern status 
are present 

Sane expected Many expected Host expected 
species absen,t, species absent, species absent 
or in IOU or in low 
abundance abundance 

Sensitive species Sensitive only most 
absent,, or in very 'species absent, 
IOU abundance species remain 

tolerant 

Declining species L w  species Very low 
richness r i chness species rich- 

ness 

Caposite index -site index Carposite index 
Greater than Greater than Less than 
5.3 - 6.3b8 4.5 - 5.Ob, 4.5'or 5.0b 
Less than Less than 
7.4-8.6b 5.34.3b 

Tolerant species Tolerant Camnunity 
increasing, spec i es organization 
beginning to predani nate lacking 
predaai nate 

~~ 

Conditions: Categories I, 2, 3 and 4 (if data i s  available) must be met snd 5 6 must 
be m t  in order to be designated in that particular class. 
eruxxqmsses range of ecoregiona'l values; area of insignificant departure is - 0.5 fran 
ecoregional criterion. 

b 
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Table 8-3. Ranges and areas of insignificant departure (in parentheses) for . 
IBI, modified Iwb, and IC1 values representing' exceptional, good, 
fair, poor, and very poor comnunity condition. 

IndexISite Very 
Category Exceptional Goodl Fa1 r1  Poor Poor 

Index of Biotic Inteqrity 

Wading Sites 50-60 36-48 28- 34 18-26 <1 8 
(45-49) (31-41) (23-27) (13-17) 

Boat Sites 50:60 36-48 26-34 1 b-24 <16 
(45-49) ( 31 -39) 21 -25) ( 1  1-1 5) 

Headwaters Sites 50-60 40-48 26-38 16-24 <1b 
(45-49) (35-39) ( 21 -25') ( 1 1  -1 5) 

Modified Index of Well-Beinq (Iwb) 

Wading Sites >9.4 8.0-9.3 5.9-7.9 4.5-5.9 54.5 
(8.8-9.3) (7.4-8.4) (5.3-5.8) (3.9-4.4) 

Boat Sites > 9 . 5  8.3-9.4 6.4-8.7 5.0-6.4 (5.0 
(8 .$-9.4) (7.7-8.6) (5.9-6.3.) (4.4-4.9) 

Invertebrate Comnunity Index (ICI) 

Artificial 48-60 34-46 14-32 2-1 2 0 
Substrates (43-47) (29-39) (9-1 3) 

area o f  insignificant departure i s  the range encompassing all ecoreglons, 
excluding the HELP ecoreglon for the 161 and modified Iwb. 

8-1 3 
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Apkndix A-1. List of Ohio Reference Sites (Wading Sites; > 20 sq.mi.1. 

Drainage Mean 
River Sampler Eco- Area No. Modified 
mile Year type. region (sq.mi.) Species Iwb IBI SRP 

FEDERAL CREEK 

MCDOUCIALL BRANCH 

CLEARCREEK 

LITrLE W U T  CREm 

MILL CREEK 

mm CREEK 

LITI'LE SCIOTO Rn'ER 

RUSH CREEK 

BIG DARBY CREEIi 

1.3 84 D 

2.4 83 D 

2.0 84 D 

0.5 82 S 

28.1 84 D 

10.4 85 D 

11.2 83 D 

4.2 84 D 

76.6 86 D 
63.7 86 D 
55.1 86 D 

LI'ITLE DARBY CREEK 
15.2 83 D 

DEER CREEK 
51.4 85 D 

OLEKTAYm RIVER 
14.7 85 D 

PAINT CREEK 
79.9 a4 D 

N. FK. P.4IhT CREE)( 
17.6 a3 D 

ccPlPmx CFZEx 
1.4 83 D 

WXKY FK PAINT CREEK 
18.1 85 D 

RATTLEsNAKEcREEli 
15.0 84 D 

SALT CREEK 
* 25.9 83 D 

S FX SCIUID BKUSH CR 
0.6 84 D 

8.0 83 D 

83.5 83 D 

17.2 83 D 

SUNFISH CREEK 0 

QZAM) RIVER 

MILL CREEK 

OU(jl(Er;Z 

WAP 

WAP 

WAP 

ECBP 

ECBP 

ECBP 

ECBP 

ECBP 

ECBP 
ECBP 
FXXP 

WBP 

ECBP 

ECBP 

ECBP 

ECBP 

M=BP 

IP 

ECBP 

WAP 

WAP 

WAP 

mLP 
mLP 

138.0 

' 29.0 

89.0 

44.0 

64.0 

23.0 

37.0 

85.0 

32.0 
119.0 
135.0 

162.0 

82.0 

483.0 

39.0 

156.0 

59.0 

34.0 

123.0 

175.0 

112.0 

132.0 

85.0 

47.0 

A-1 

32.5 

30.0 

22.8 

22.0 

21.3 

19.5 

23.0 

25.3' 

27.0 
26.7 
29.7 

27.0 

25.0 

22.0 

22.0 

36.0 

33.7 

30.0 

16.7 

29.3 

27.0 

31.0 

24.0 

24 .O 

9.4 

8.7 

8.2 

9.4 

8.9 

9.2 

7.5 

8.0 

9.6 
9.3 
9.2 

9.5 

8.8 

9.0 

8.1 

10.4 

10.1 

9.9 

9.2 

9.3 

9.2 

8.9 

8.3 

8.1 

47 

42 

38 

47 

48 

42 

39 

4 1  

51 
45 
52 

51 

45 

38 

48 

51 

52 

38 

33 

51 

53 

51 

40 

4 1  

Y 

Y 

Y 

Y 

I- 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 



- Appndix A-1. List of Ohio Reference Sites ( W a d i n g  Sites; > 20 sq.mi.1. 

Drainage Mean 
River Sampler Eco- Area No. Mcdif ied 
mile Y e a r  type region (sq.mi.  ) Species I* IBI SRP 

MILL CREEK 

KoNzEh' DI'Z'CH 

B r n  CREEK 

L. AUGLAIZE RIVER 

my CREEK 

BL;WCHARD RTVER 

10.0 84 D 

0.7 84 S 

3.5 84 D 

41.1 83 D 

3.5 83 D 

78.0 83 D 
71.8 83 D 

46.1 85 D 

3.5 85 D 

1.6 84 D 

12.5 83 D 

21.1 84 D 

20.5 83 D 
14.5 83 D 
6.7 83 D 

0.6 83 D 

0.2 83 D 

0.5 83 D 

0.1 83 S 

17.3 83 D 

1.1 84 D 

23.9 83 D 

CIITAWA RIVER 

s u i A R c R E E I (  

MLI) CREEIi 

HOhW CREEX 

MUDDY CREEk 

CAPI-IYA CREEK 

BESD FOlUi 

S. R(. CAPTINA CREEK 

N. FK. CAPTINACREEK 

MCINTYRE CREEX 

L. MEKINCUM RIVER 

W I m  FORK 

SUNFISH CREEK 

- 17.3 83 D 
5.0 83 D -  

6.2 83 D 
0.8 83 D 

N. FX. YELKWCREEK 

EOLP 78.0 21.'3 7.5 39 Y. 

11.0 ' 6.5 HELP 24 .O 24 Y 

HELP 107.0 24.0 8.6 26 Y 

17.3 7.5 30 Y H E L P .  34 .O 

HELP 49.0 20.0 8.4 25 

ECBP 112.0 
ECBP 145,.0 

21 .o 8.0 
24.0 8.1 

29 Y 
39 Y 

18.Q. 8.8 39 ECBP 103.0 

HELP 58.0 19.0 7.4 35 

27 Y HELP 55.0 17.5 7.1 

ECBP 149.0 . 28.5 9.4 42 Y 

27 . Y  HELP 86.0 13.7 6.6 

91 .o 32.3 
134 .O 30.7 
154.0 26.0 

10.0 
10.4 
9.5 

57 
55 I' 
50 

WAP 
WAP 
WAP 

W A P  27.0 19.5 9.0 19 Y 

36.0 30.5 6.3 57 WAFJ 

WAP 33.0 27.0 9.7 47 

27 .O 14.5 8.0 40 WAP 

234.0 34.0 9.2 53 Y WAP 

WAP 43.0 25.7 9.2 49 Y 

22.0 20.0 
49.0 . 21 .o 

- 101.0 - -28.0 - 

9.7 
9.7 - 

: 10 .o 

46 
46 
51- - - 

WAP 
WAP 
WAP 

4 1  .O 20.5 
58.0 . 25.0 

9.0 
8.5 

44 
48 

WAP 
WAP 

A-2 



Appendis A-1. L i s t  of Ohio Reference Sites-(Wading S i t e s ;  > 20 sq.mi.1. 

Drainage Mean 
River Sampler Eko- Area NO. Modified 

m i  le Year type region ( sq.mi . ) Species Iub IB1 SRP 

ELKHORV CREEK 

ASHTBULA RIVER 

W. BR. ASHTABULAR. 

BULLCREEK 

M. Fli. L. BEAVER CRK 

0.5 83 D 

27.2 83 D 

1.9 83 D 

1.9 85 E 

9.0 85 D 
1.9 85 D 

12.9 85 D 
0.8 85 D 

20.5 83 D 

11.6 83 D 

15.2 84 D 

12.8 83 D 

85.4 83 D 

0.3 83 D 

75.3 82 S 
41.2 82 S 
35.6 82 S 

1.2 84 D 

0.2 82 S 

0.2 82 S 

20.3 84 D 

5.0 84 D 

3.7 84 D 

21.9 81 G 

9.4 85 D 

W .  FK. L. BEAVERCRA 

PINE CREEX 

EAGLE cxJmi 
OHIO BRUSH CREEIi 

WHIrn* CREEK 

LITTLE MIAMI RIVER 

O’BANNON CREEK 

E .  FK. LITIZEMIAMI 

SmNELICEc CREEK 

WFK,EFKLMIAMIR 

DODSONCREEK 

’IDDD FDRK 

ANDEFtsoN Fwu( 

W. BR. HURONRIVER 

E. BR. €KICKY RIVER 

INDIAN CREEK 

QOQ,PG3 
t 

~ 
~ 

WAP 

* mLFJ 

mLP 

. EOLP 

mLP 
WAP 

WAP 
WAP 

WAP 

IP 

IP 

IP 

EEBP 

IP 

ECBP 
IP 
IP 

IP 

IP 

IP 

ECBP 

ECBP 

ECBP 

mw 
ECBP 

33 .O 

65.0 

27.0 

40.0 

114.0 
141  .O 

74.0 
111.0 

102.0 

115.0 

371 .O 

213.0 

104.0 

58.0 

23.0 
216.0 
236.0 

76.0 

28.0 

32.0 

54.0 

77.0 

236.0 

31.0 

45.0 

A-3  

24.7 

21 .o 

20.0 

12.0 

22.3 
26.5 

31 .O 
26.7 

31 .O‘ 

23.0 

24.3 

26.5 

26.7. 

25.0 

19.7 
27 .O 
33.0 

22.5 

21.0 

27.0 

25.3 

29.7 

22.0 

22.5 

25.5 

8.1 

8.1 

8.1 

8.0 

9.2 
8.7 

9.9 
10.2 

8.9 

8.2 

8.5 

8.8 

8.7 

8.3 

8.4 
9.6 
9.7 

8.4 

8.4 

10.4 

9.1 

10.0 

8.8 

9.1 

10.3 

34 

43 

47 

38 

45 
48 

57 
55 

41 

35 

46 

35 

51 

36 

44 
52 
56 

4 1  

46 

46 

45 

51 

37 

45 

46 
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Appndis A-1. List of Ohio Reference Sites (Wading Sites; > 20 sq.mi.1. 

Drainage Mean 
Sampler Eco- Area No. Modified 

region (sq.mi. ) Species Iwb IBI SRP 

INDIAN CREEK 

SPRING CREEK 

BEAVER CREEK 

STILLWATER RIVER 

S. FK. GUEAT Mlkhil 

CHAGRIN RII'ER 

s. m. WOLF CREEIi 

w. BR. WOLF CREEk I 

O L r n  rn CREEIi 

AFFLEcREEIi 

RDCKY FK. LICKING R .  

I 

S. FK. LICKINGRIVER 

N. FX. LICKING RIVER 

LAKE FK. LICKING R .  

8-4 
I (333164 

- 



Appendix A-1. List of Ohio Reference Sites (Wading Sites; > 20 sq.mi.1. 

Drainage Mean 
River Sampler Eco- Area No. Modified 

m i  le Year t Jpe region (sq.mi.1 Species I wb IBI SRP 

JONATHAN CREE).( 

Su(1AR'mEEK 

WHITE EYES CREEK 

MUDDY FK. MOH1CAN.R. 

12.3 84 D 

3.8 83 D 

0.3 83 D 

18.5 84 D 
12.8 ' 83 D 

13.0 84 D 

2.0 84 D 

91.5 84 D 

6.8 83 D 
6.8 84 D 

10.7 83 D 

J E R o M E m  

W A U r n I K A  CREEZi 

MAHONING RIVER 

BREAM'Em CREEIi 

VERNILION RIVER 

105.0 19.3 8.4 35 Y WAP 

WAP 

WAP 

337.0 32.0 

24.5 

9.3 

8.5 

52 

39 53.0 

20.1 
42.0 

21.7 
27.0 

8.3 
9.1 

EOLP 
mLP 

39 
40 

Y 
Y 

WLP 38.0 24.5 8.6 35 

WAP 231 .O 31.3 9.8 50 Y 

EOLP 44 .0  22.0 

19.7 
17.5 

9.4 43 Y 

mLP 
WLFl 

40.0 
40.0 

249.0 

8.3 
7.9 

45 
39 

Y 
Y 

EtBP 27.7 9.5 45 k' 

A- 5 



'-rendis .A-2. List of Ohio Reference S i t e s  (Boat S i t e s ) .  

- .  Drainage Mean 
ZiL-er Sampler Eco- Area No. Mcdif ied 
mi le  Year t>pe region (sq.mi. ) Species Iwb IBI SRP 

j C I 0  RIVER 
z01.2 84 
105.2 86 
100.2 85 
56.0 85 
9.0 85 

lALvvT CREEK 
18.9 82 
9.3 82 
3.4 82 
3.8 82 
1.2 82 

)IC WXLNLT mEEK 
15.8 86 
)IC D.4RBI- CREEh 
32.0 81 
31.8 79 
30.1 79 
29.3 81  
'5.7 79 
J.0 79 

24.0 81 
7.4 81 
3.7 81  

5.0 85 

9.9 84 

13.3 87 
9.0 87 

lAUMEE RI\'ER 
54.7 84 

LUGLAIZE RIVER 
67.0 85 
39.7 85 

3.2 84 
YITAWA RIVER 

1.2 85 
,I'fTLE BEAVER CREEK 
3.5 85 

.I'ITLE SCIOID RIVER 

'AI?.T CREEh 

LALT CREEh 

ZAKD RIVER 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

A 

.4 
A 
A 
A 
A 
A 
A 
A 
A 

A 

A 

A 
A 

A 

A 
A 
A 

A 

A 

12.6 83 A 
J FK OHIO BRUSH CEiK- - 

1.3 84 A 
TTLE MIA!!I RIVER 

cr3.1 83 A 

ECBP 
ECBP 
ECBP 
W A P  
W A P  

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

ECBP 

ECBP 
ECBP 
IZCBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

ECBP 

W A P  

mLp 
MlLP 

HELP 

HELP 
HELe 
HELP 

HELP 

WAP 

WAP 

IP 

ECBP 

226.0 
2610.0 
3197 .O 
5131 .O 
6471 .O 

183.0 
212.0 
272.0 
273.0 
285.0 

272.0 

240.0 
446.0 
448.0 
449 .O 
457.0 
496 .O 
498.0 
546.0 
553.0 

1137.0 

281 .O 

630.0 
685.0 

5559.0 

202.0 
327.0 

2428.0 

364.0 

496.0 

200.0 

116.0 

122.0 

23.7 
21.5 
21.3 
25.7 
22.3 

20.3 
24.7 
22.3 
25.7 
20.7 

23.0 

18.0 
23.0 
21 .o 
20.0 
20.0 
23.0 
19.0 
20.0 
27.5 

25.3 

34.3 

22.0 
24.0 

19.7 

28.0 
29.0 
22.7 

25.3 

19.5 

27.0 

27.3 
_. 

23.7 

A- 6 

8.7 
9.4 
9.0 
8.8 
9.6 

8.7 
9.3 
8.9 
9.1 
8.9 

9.6 

9 . 0  
' 10.1 

9.2 
8.8 
9.6 
9.4 
8.8 
9.2 
9.4 

9.6 

10.4 

9.2 
8.1 

8.4 

10.7 
9.8 
8.6 

8.5 

9.3 

9.7 

8.9- 
. .- 

9.4 

37 
43 
4 1  
42 
39 

43 
49 
51 
53 
42 

41 

49 
46 
56 
45 
56 
54 . 
52 
46 
45 

41 

52 

48 
42 

33 

40 
41 
32 

31 

45 

51 Y 

39 - I ' - - -  - 

49 
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Appe&x A-2. L i s t  of Ohio Reference Sites (Boat Sites). 

Drainage Mean 
River Sampler Eco- Area No. Modi f id 
mile Y eax trpe region (sq.mi. ) Species Iwb IBI SRP 

LI'ITLE MIAMI RI\'ER 
44.2 83 A 
36.0 83 A 
24.2 83 A 

4 4 . 1  82 A 
42.3 84 A 
15.5 82 A 

HLRON RIVER 
12.3 84 A 

C;RWT MIAMI RIVER 
130.0 82 A 
116.9 82 A 
98.5 82 A 
95.6 82 A 
91 .o 80 A 
88.1 80 A 

2.0 84 A 
1.2 84 A 

41.4 84 A 
32.9 82 A 
28.1 82 A 
26.7 82 A 
24.4 82 A 
21.2 82 A 
18.0 82 A 
16.0 82 A 

0.1 82 A 

0.3 80 A 

0.2 86 A 

17.6 85 A 

22.0 84 A 

50.4 85 A 
35.6 03 A 

28.1 85 A 

13.1 84 A 

E.  FK. LI'lTLE MLAMI 

MAD R n ' E R  

STILLWATER Rll'ER 

GREDA-ILLE CREEti 

m 1 L E  CREDi 

"WIN CFEEK 

POHTACE RIVER 

c#wr lDNcREEK 

KILLBUCK CREEK 

LICKINC RIVER 

S.  FK. LICKING RIVER 

I P  
IP 
I P  

680.0 
959.0 

1145.0 

22.0 
22.7 
21 .o 

9.2 
9.5 
9.2 

39 
35 
39 

25.0 
28.3 
19.0 

47 
45 Y 
49 

IP 
IP 
IP 

195.0 
212.0 
359.0 

9.1 
9.4 
9.1 

HELP 371 .O 22.7 9.7 

9.0 
8.8 
9.2 
9.1 
8.3 
8.6 

9.5 
8.7 

49 
45 
5 2. 
49 
37 
33 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

540.0 
845.0 

1030.0 
1137.0 
1150.0 
1161 .O 

25.3 
21.3 
21.5 
21.7 
20.7 
18.7 

ECBP 
ECBP 

650.0 
655.0 

26.5 
17.0 

49 
33 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

189.0 
233.0 
503.0 
505.0 
516.0 
528.0 
599.0 
607 .O 

28.7 
21.5 
21 .o 
23.0 
26.0 
24.3 
21.7 
22.7 

9.4 
8.4 
9.1 
9.2 
9.5 
8.6 
8.9 
9.1 

43 Y 
15 
49 I 

50 
52 
54 
49 
49 

201 .o 17 .O 8.6 
I 

, I  47 ECBP 

ECBP 315.0 18.7 8.8 49 I 

E B P  316.0 21.7 9.1 49 
I 

435.0 HELP 24.3 9.4 4 1  

37 Y I 90.0 .23.0 8.6 W A P  

mLP 
mLP 

137.0 
367.0 

18.7 
17.3 

8.6 
8.5 

34 
39 

533.0 26.0 10.0 38 i 
117.0 13.7 9.0 

A-7 



Appendix A-2. L i s t  of Ohio Reference Sites ( b a t  S i tes ) .  

D r a i n q e  Mean 
River Sampler Eco- Area No. M o d i f i e d  
mile Year type region (sq.mi. ) Species Iwb IBI  SRP 

3 .  FK. LICKING RI\'ER 

STILLWATER cREE)i 

TuSCAR4WAS RIL'ER 

2.4 82 A EOLP 229.0 24.7 

1.2 83 A WAP 483.0 17.5 

17.7 83 
6.9 83 

8.0 . ' 83 
3.8 83 
1.2 83 

COKOSING RIVER 
25.5 0 
20.9 87 

XWAHCG.4 RIS'ER 
64.5 84 

WAP 
W I W  

WAP 
WAP 
W M  

mLP 
EOLP 

EOLP 

2473.0 18.5 
2577 .O 20.0 

1576.0 18.0 
2192.0 21 .o 
2255.0 17.7 

251 .O 22.0 
276.0 22.0 

187.0 16.7 

9.1 39 

8.2 37 

8.4 39 
8.7 34 

8.7 45 
8.5 44 
8.7 41 

9.4 46 
9.7 52 

8.3 42 . 



Appendix A-3. List of Ohio Reference Sites (Headwater Sites; < 20 sq.mi.1. . 
~~ 

Drainage Mean 
R i v e r  , Sampler Eco- Area No. Modified 
mi le Year type region (sq.mi.)  Species Iwb IBI SRP 

s m  CREEIi 
8.9 78 S 
8.1 78 S 

2.4 83 D 

1.4 82 S 

4.7 84 D 

4.4 83 D 

2.4 84  D 

0.8 81 H 

79.2 79 G 

0.4 81 C 

6.0 84 D 

23.3 85 E 

8.5 85 D 

0.9 85 D 

3.0 84 D 

0.5 85  F 

37.3 82 G 

2.8 03  S 

4.0  83  G 

3.3 03  D 

12.3 83 D 

0.1 03  C 

1.4 03  D 

0.3 83 D 

McD0Uc;ALL BRANCH 

TURKEY RLK 

SYCAMORE CREEK 

TA\'LX>R CREEE; 

SILITR CREEK 

k'. FUU W. MANSFIELD 

BIG DARE3Y CREEL 

SPAIN CREEK 

TRIB 1'0 G-5 CFUi 

f#rJh7' FK PAINT CREEK 

C L E m m  

WBERLY BR CLEAR CRK 

I3A-v CREEIi 

TRIB TO -LIS CREEIi 

MUDDY CREEK 

LEITH RUN 

WILLS CREEK 

CAT Ruh' 

BEND FORK 

CEDAR LICK CREEK 

WILLIAMS CREEK 

PINEY F a x  

W A P  
WAP 

WAP 

mLP 

ECBP 

ECl3P 

ECBP 

ECBP 

ECBP 

ECBP 

ECBP 

IP 

ECBP 

IP 

EOLP 

HELP 

HELP 

WAP 

WAP 

WAP 

WAP 

WAP 

WAP 

WAP 

I 

1 .o 
3.0 

15.0 

' 9.0 

19.0 

12.0 

9.0 

5.0 

5.0 

10.0 

1 .o 

18.0 

13.0 

2.0 

20.0 

5.0 

4.0 

7.0 

3.0 

7 .O 

1 .o 

6.0 

11 .o 

15.0 

7.0 
11 .o 

29.3 

9.0 

18.0 

21.3 

21 .o 

14.0 

16.0 

19.0 

5.5 

24 .o 

22.0 

15.0 

19.7 

6.0 

12.0 

17.0 

3.0 

6.5 

7 .O 

11.5 

16.5 

16.5 

7.4 
7.3 

8.7 

4.9 

6.0 

8.9 

7.3 

4.5 

, 7.5 

7.9 

4.4 

9.4 

9.0 

6.8 

7.2 

4.9 

4.5 

7.5 

3.1 

3.7 

3.7 

4.3 

8.7 

5.7 
- 

48 
46 

e7 

33 

46 

39 

39 

31 

49 

56 

32 

57 

57 

49 

38 

26 

28 

50 

36 . 

33 

36 

52 

51 

55 

A-9 



yndis A-3. L i s t  of Ohio Reference S i t e s  (Headwater Sites; < 20 sq.mi. 1 .  

Drainage Mean 
River Sampler Eco- Area No. Modified 
mile Year t > F  region (sq.mi. ) Species IWb IBI SW 

BAKERFORK 

ELKHoRNcREEf( 

STRAXA!!  RUS 

mTER Fxmi 

TRAIL RUK 

TRIB 7’0 N.F. YELLiX 

mm CREEK 

E FK STATELINE CREEK 

S?“E YILL RLY 

E BR M FK L BEAVER 

L,”K CREEK 

TREBOR RUN 

CAVE R W  

IDCISE TRIBVTARY 

0.4 83 D 

6.6 83 S 

0.4 83 S 

0.1 83 S 

0.3 83 S 

0.1 83 C 

7.2 81 C 

0.1 85 E 

2.0 . 85 E 

.o 85 D 

4 . 1  80 C 

0.1 80 C 

0.2 80 C 

2.8 80 G 
0.2 80 C 

6.3 83 D 

1.8 83 F 

0.3 83 F 

0.4 83 D 

5.8 83 C 

0.4 82 S 

0.1 - 83 S 

“6.7 81 G 
LY CREEK 
0.8 81 G 

T v H I z E m  

DRY RUN 

NEWMAN Ruh’ 

MILL RUN 

U Y  RUN 

FNEMILE CREEK 

o m  CREEK 

E. BR. Roch?’RIVER 

WAP 

WAP 

WAP 

WAP 

WAP 

WAP 

EOLP 

EOW 

EOLP 

EOLP 

IP 

IP 

.IP 

IP 
IP 

IP 

IP 

ECBP 

ECBP 

ECBP 

IP 

mLP 

12 .o 18.0 8.6 56 

3.0 9.0 5.4 49 

5.0 15.0 7.5 52 ‘ 

12.0 19.0 9.0 60 

3.0 14.0 7.7 56 

4 .O 7.0 3.5 40 

6.0 12.0 4.3 42 

2.0 6.3 , 5.1 45 

8.0 14.0 7.2 46 

14.0 20.3 8.0 43 

7.0 12.0 5.1 46 

7.0 16.0 5.7 58 

4.0 15.0 5:1 58 , 

2.0 15.0 4.5 30 
7.0 15.0 5.2 42 

18.0 19.0 . 8.3 36 

5.0 10.0 8.9 40 

9.0 18.0 8.2 47 

8.0 17.5 8.2 49 

3.0 5.5 4.0 35 
. .  

10.0 16.3 6.2 36 

16.5 -7.5 . 49 
- -  . 

10.0 

12.0 16.0 7.5 46 

4 .O 12.0 5.7 37 

A-10 



Appendix A-3, L i s t  of Ohio Reference Sites (Headwater Sites; t 20 sq.mi.1. 

-\ 
Drainage Mean 

River Sampler Eco- Area No. Modified 
mi le Year type region (sq.mi. 1 Species I wb I B I  SRP 

W. BR. lU.33' RIVER 

BEAR CREEK 

&KKEEs CREEK 

CHEROIiEE M ' S  RUN 

cHAP?lmm 

BRVSH CREEK 

33.6 81 C 

12.1 81 C 

0.5 82 S 

3.5 82 S 

4 .O 84 D 

0.1 82 C 

6.3 86 E 

9.4 86 E 

15.4 83 C 
11.7 83 D 

0.8 83 C 

16.0 86 D 

0 .4  86 D 

8.6 85 E 

0.1 86 E 

LIlTLE l+IS CREEK 

RWTA!3 FWIE; 

D o u m  CREEh 

L. l i Z U r n ~  

ROCKT FX. LICKING R. 

LONG RLK 

E BR NIMISHILLES CREC 

TRIB "0 L. CHIPPEWA 

E.  BR. JELUWAY CRK. 
2.3 85 

LANC CREEK 
3.2 84 

AX F A C l "  RUN 
0.1 82 

EAGLE CREEK 
22.5 81 

SILVER CREEK 
2.3 81  
0.8 81 

0.5 84 
LI?TLE DEER CREEK 

mu 
ECBP 

ECBP 

ECBP 

ECBP 

M,'BP 

ECBP 

ECBP 

EOLP 
mLFl 

FDLP 

mL9 

mu 
mLP 

mLp 
mu 
MlLP 

mu 
mLP 
mu 
mLP 

mu 

8.0 

5.0 

17.0 

16.0 

18.0 

16.0 

5.0 

9.0 

12.0 
17 .O 

20.0 

18.0 

6.0 

12.0 

1 .o 

3.0 

14.0 

3.0 

9.0 

7.0 
11 .o 

7.0 

20.5 

16.0 

14.5 

13.0 

14.0 

16.0 

19.7 

16.7 

18.5 
25.0 

10.0 

24.7 

15.7 

18.7 

6.0 

17.0 

17.3 

7.0 

15.0 

14.0 
16.0 

16.0 

A-11 

8.1 

4.8 

8.3 

6.9 

8.8 

5.1 

8.4 

8.0 

' 5 . 0  
8.4 

4.9 

8.7 

8.3 

8.6 

4.6 

8.2 

8.2 

3.9 

6.9 

6.6 
7.6 

6.9 

40 

43 

45 

40 

43 . 

48 

47 

48 

49 
48 

36 

4 1  

53 

39 

34 

52 

47 

36 

43 

45 
48 

37 
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Appendix A-4. List of Ohio Reference S i t e s  (Macroinvertebrate Data). 
~~ 

Drainage 
River ECO- area 
mile Y e a r  region (sq.mi. 1 I C 1  SRP 

HOCI(ING RrVER 

FEDERAL CREEK 

MCDOUGALL BRANCH 

CLEARCREEK 

92.0 82 

0.9 84 

1.1 83 

16.1 82 
2.1 83 
2.1 84 
2.0 82 

MUDDY PRAIRIE RUN 
0.4 82 

X I 0  RIVER 
216.7 84 
203.3 84 
101.4 81 
101.4 81 
78.7 81 
78.7 81 
70.4 81 
56.2 85 
25.9 85 

47.0 82 
5.3 82 
4 .1  82 
1.2 82 

60.0 82 
54.6 82 
15.9 86 
12.8 85 

17.9 86 

5.9 84 

62.6 86 
54.2 86 
43.9- 86 

LI'ITLE DARBY CREEIl 
15.3 83 

OIBJTANGY RIVER 
20.3 83 
20.3 85 
20.3 86 

WmIT CREEK 

BIG WALNUT CREEK 

AUMCREEK 

FUJSH CREEK 

BIG DARBY CREEK 

mw 
WAP 

WAP 

ECBP 
kiAP 
WAFJ 
WAP 

mw 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
WIW 
WAP 

EOLP 
ECBP 
ECBP 
ECBP 

ECBP 
ECBP 
ECBP 
ECBP 

ECBP 

ECBP 

ECBP 
E B P  
ECBP 

ECBP 

ECBP 
EX%P 
ECBP 

- 

18 48 

150 44 Y 

15 

20 
87 
87 
89 

8 

128 . 

223 
264 1 
264 1 
3819 

3849 
5131 
6082 

3819 - 

27 
272 
273 
28 5 

37 
67 

272 
539 

146 

85 

32 

40 
52 
46 
46 

50 

44 
40 
50 
46 
50 
46 
44 
46 
46 

36 
40 
46 
44 

34 
38 
46 
50 

38 

12 

\ 

Y 

121 54 
136 50 
220 36 - 

162 36 Y 
- -  

453 48 
453 48 

52 453 . f-&(j(arg> 1 

c 

A-12 



. .  a .  

Appendix A-4. L i s t  of Ohio Reference S i t e s  (bcroinvertebrate  D a t a ) .  

. Drainage 
River ECO- area 

m i  le  Y e a r  region (sq.mi.) IC1 SRP 

OLENTANGY RrVER 
19.6 83 
19.6 86 
19.6 85 

16.1 84 
9.9 84 

75.3 84 
5.1 85 

N. Fli. PAINT CREEIi 
17.5 83 

cYxw- lwcREE3i  
1.4 83 

Roch'Y FK PAINT CREEK 
23.3 85 
18.1 85 

8.2 85 
6.8 85 

RATIZESM CREEK 
13.3 8 1  

w E3R RzIlTLEsNAKE m 
4.3 84 

SALT CRmC 
25.7 83 
5.9 83 

M. FK. SALTCREEX 
4.7 86 

S FX SCI(Tr0 BRUSH CR 
0.6 84 

SUNFISH CREE)( 
8.1 83 

W I D  RIVER 
83.5 84 

BAu(;HMAN CREEK 
4 . 1  84 

MILL CREEK 
18.2 84 
12.1 83 

MAUMEE RrVER 
100.6 84 
91.5 84 
69.3 84 
58.1 84 

3.4 84 

m m c R E M  

PAINT CREEK 

C L E A R m  

- BLUE CREEK 

QUG3 :-Ya 
$r 4' 

- 

, 

ECBP 
E B P  
ECBP 

ECBP 
ECBP 

ECBP 
WAP 

ECBP 

ECBP 

IP 
IP 

ECBP 
ECBP 

ECBP 

ECBP 

WAP 
WAP 

WAP 

WAP 

WAP 

mu 
mu 
mLP 
mLP 

HELP 
HELP 
HELP 
HELP 

HELP 

455 
455 
455 

43 
61 

55 
1140 

140 

66 

1 4  
34 

14 
19 

137 

20 

170 
280 

58 

114 

104 

95 

20 

86 
54 

2128 
2169 
231 1 
5544 

114 

A-13 

50 
52 
46 

26 
42 

48 
56 

46 

50 

46 
28 

50 
28 

48 

22 

46 
44 

38 

34 

40 

26 

48 

30 
20 

32 
42 
1 4  
44 

36 

, 

. 

Y 

Y 

Y '  

Y 

Y 
Y 

Y 

, 



Appendix A-4. List of Ohio Reference Sites (Macroinvertebrate D a t a ) .  

Drainage 
ECO- area 

Year region (sq.mi. 1 IC1 SRP 
River 
mile 

. 

B A D m  

KONZEN D I X H  

CORDONCREEK 

AWGLAIZE RIVER 

19.9 84 

0.7 84 

6.7 84 

96.8 83 
67.0 85 
39.3 85 
28.8 85 

4.3 84 

3.6 83 

97.5 83 
95.6 83 
76.4 83 
71.9 83 

13.9 83 

0.6 84 

0.5 84  

1.7 . 83 

37.6 84 
0.9 84 

1.5 84 

11.0 8 4  

5.8 83 

2.9 83 

81 47.8 
31.9 81 
23.9 81 
21.3 81 

34.1 83 
12.4 84 

m-Eu CREEK 

?wJNCREEh 

BUNCHARD RIVER 

EAGLE CREEK 

s m  CREmi 

EAGLE m 
TwEL\rEMILE CREEK 

TIFFIN RIVER 

MUDCREM 

LICK CREEK 

W S H  CREEK 

BEAVER CREEK 

SANDUSKY RIVER 
- -  

HONEYCREEK 

HELP 

HELP 

39 34 

76 42 

74 26 HELP 

ECBP 
HELP 
HELP 
HELP 

65 32 
202 40 
327 36 
717 50 

112 18 

.49 34 
\ 

Y HELP 

HELP 

ECBP 
EC€3P 
ECBP 
ECBP 

43 32 
69 22 

113 20 
158 38 

Y 

HELP 31 38 

HELP 69 . 34 

ECBP 38 46 Y 
~ 

HELP 35 24 

386 28 
, 776 22 

ECBP 
HELP 

HELP 66 38 Y I 
36 34 HELP 

HELP 68 34 Y I 
44 48 Y ECBP 

M=BP 
HELP 
HELP 
HELP 

774 - 44 
1047 - - 4 8  - 
1068 50 
107 1 48 

.. 

ECBP 
ECBP 

28 42 
144 46 

A-14 



Appendis A-4. List of Ohio Reference Sites (Macroinvertebrate D a t a ) .  

Drainage 
River ECO- area 

' mile Y e a r  region (sq.mi. 1 IC1 SRP 

m D Y  CREM 
2 3 . 3  84 

QZIES DI'EH , 
1 .o 84 

CAPrINA CREEK 
17 .6  83 

BEND FORK 
0 . 7  83 

L. MUSKINGL!RIVER 
16 .9  83 

ARCHERSFORK 
0 . 7  83 

WI" FORK 
1 .2  84 

SUNFISH CREEK 
9 . 3  83 

ASKTABULA RIVER 
2 5 . 9  83 

W. BR. ASHTABULA R. 
1.8 84 

LITrLE BEAVER CREEK 
15.0 85 
8 .0  85 
4 . 5  . 85 

N. FK. L. BEAVERCRK 
7 . 6  85 
0 .1  85 

M .  EX. L. BEALERCRK 
9 .0  85 
1 . 9  85 - 

w. FK. L. BEAVERCKK 
1 2 . 9  85 
0 .8  85 

LI'ITLE SCIOID RIVER 
12 .7  83 

PINE CREEK 
2 0 . 4  83 

SHADE RIVER 
17 .6  84 

EAGLE CREEK 
11 .4  83 

OHIO BRUSH CREEK 
17 .4  84 

W F'K OHIO BRUSH CRK 
1 . 2  84 

WHIrnAK CREEK 
1 2 . 8  83 

(J<LyJ&$G 

HELP 

HELP 

WAP 

WAP 

WAP 

WAP 

WAP 

WAP 

mLP 

EOLP 

WAP 
WAP 
WAP 

WAP 
WAP 

EOLP 
WAP 

WAP 
W A P  

WAP 

WAP 

WAP 

IP 

IP 

IP . 

IP 

86 

15 

163 

29 

276 

20 

34 

87 

72 

27 

26 1 
294 
496 

106 
487 

118 
14 1 

74 
111 

200 

107 

120 

128 

173 

140 

233 

A-15 

38 

42 

48 

44 

46 

24 

26 

46 

38 . 

42 

56 
54 
40 

40 
46 

38. 
46. 

50 
48 

40 

34 

42 

34 

42 

42 

36 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y "  

Y 

Y 

Y 



Appendix A-3. L i s t  of Ohio Reference Sites (Macroinvertebrate D a t a ) .  

Drainage 
River ECO- area 
mile Year region (sq.mi.) IC1 SRP 

N. IX. WH1”IDAK CRK 
7 .O 83 

LIlTLE PUAMI RIVER 
86.4 83 
83.1 83 
35.9 83 
23.9 83 

TURTLECREEK 
6.2 83 

E. Fk. L I W  MIAMI 
54.4 83 
44.1 82 

41 .O 84 
34.9 82 
15.1 82 
9.1 82 
6.6 82 

1 .o 84 

19.5 84 
17.2 84 

13.1 84 
12.3 84 

SLATE RLW 
1.1 84 

REKT RIVER 
2.9 81 

E. ER. ROCKY RIVER 
26.6 81 
15.2 81 
8.4 81 

W. BR. IZOCKY RIVER 
33.5 81 

N. BR. ROCKY RIVER 
5.5 81 

(;REAT MIAMI RIVER 
158.3 82 
130.1 - 82 
118.5 82 
100.8 82 
95.7 82 
92.6 82 

10.3 85 

41.0 . 82 

s m a 1 m  CREEK 

TODD FQRK 

HuRoh’ RIVER 

INDIAN CREEK 

, 

IP 

ECBP 
ECBP 
IP 
IP 

IP 

IP 
IP 
IP 
IP 
IP 
IP 
IP 
IP 

IP 

ECBP 
ECBP 

HELP 
HELP 

ECBP 

mw 
mLP 
mw 
mLP 

mw 
mw 
ECBP 
ECBP , 
ECBP 
ECBP 
ECBP 
ECBP 

ECBP 

51 

102 
121 
959 
1145 

18 

179 
195 
209 
22 1 
238 
358 
380 
458 

80 

55 
80 

352 
365 

40 

29 1 

12 
57 
64 

8 

35 

119 
540 

- 840 
972 
1137 
1149 

92 
A-16 

22 Y 

38 
42 
42 
54 

30 

42 Y 
34 
44 
50 Y 

48 
52 
56 

36 

38 

44 
44 

48 
30 

40 

38 

50 
54 
52 

34 

50 

Y 

Y -  

46 
50 
48 
48 

- - 

50 
50 

-48 

7.. 
. -. c . .... 

. .  - -  . . _  . 



Appendis A-4. L i s t  of Ohio Reference Sites (Macroinvertebrate Data). 

Drainage 
River ECO- area 
mile Year region (sq.mi.) IC1 SRP 

INDIAV CREEK 
4.4 85 
4.3 83 

1.6 84 
0.2 84 

62.0 84 
50.2 83 
44.2 84 
33.5 82 
27.8 82 
25.1 82 
18.3 82 
14.9 82 

0.9 84 

34.5 82 
28.9 82 
26.8 84 
22.3 82 
1.4 82 

N. FK. STILLWATER R. 
0.4 82 

m1h' CREEK 
41.3 84 
38.0 83 
35.8 86 
19.1 86 
1 .o 86 

S. FK. QZEATMIAMI 
3.6 84 

CHAGRIN RIVER 
33.4 86 
30.7 86 
13.0 86 

3.8 , 86 

27.3 85 
18.1 85 
17.1 85 
17.0 85 
s. FK. WOLFCREEK 
6.1 84 

w. BR. WLAFCREEK 

?lAD RIVER 

STILLWATER RIVER 

PAINTER cREEI\: 

GREEra-ILLE CREEK 

AURORA BRANCH 

KXWAGE RIVER 

ECBP 
ECBP 

ECBP 
ECBP 

ECBP 
ECBP 
ElcBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

ECBP 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

M=BP 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

ECBP 

mw 
mLP 
mLP 

mLp 
HELP 
HELP 
HELP 
HELP 

W A P  

WAP 

113 
77 

654 
656 

42 
107 
197 
232 
50 1 
514 
599 
609 

47 

6 
68 
76 
106 
200 

18 

29 
42 
68 
225 
315 

44 

54 
56 
166 

. 37 

428 
435 
494 
494 

80 

126 

A-17 

28 
44 Y 

48 Y 
46 . k' 

34 Y 
' 30 I- 
23 Y 
48 
54 
48 

48 
41 

44 Y 

50 
40 
52 Y 
38 
44 

42 

30 Y 
40 Y 
46 
50 
50 

46 Y 

46 
46 
46 

46 

40 
46 
42 
46 

38 Y 

38 Y 



Appendix A-4. List of Ohio Reference Sites (Macroinvertebrate D a t a ) .  

Drainage 
River ECO- area 
mile Year region (sq.mi. 1 IC1 SRP 

w. ER. WLFCREEK 
3.5 8 4  

OLIVE (;REEN CREEK 
2.2 8 4  

cxxWrmNcREEK 
20.5 83 

IRISH CREEIi 
2.5 84 

KILLBUCIi CREEK 
55.4 81 
51.6 83 
51.6 81 
35.6 83 
24.8 83 
13.3 83 

ROCKY FK. LICKING R. 
3.0 83 

S. FK. LICKING RIVER 
31.6 8 4  
28.5 8 4  
27.6 84 
21.3 8 4  
13.0 8 4  

N. Fk. LICKING RIVER 
14.9 84 

LAKE F l i .  LICKING R. 
0.2 84 

JONATHAN CREEK 
12.2 84  

SUGAR= 
25.0 83 

3.6 83 
LIlTLEsuGARcREEK 

4 . 2  84  
SANDY CREEK 

10.3 86 
10.3 85 

M BR NXMISHILLEN CRK 
6.8 85 

E BR NIMISHILLEN CRK 
8.6 85 

STILL FK. SANDY CRK. 
5 .7  84  

?vscARAwAs RrVER 
126.9 83 
119.3 83 
30.9 83 

WAP 

WAP 

WAP 

W A P  

mw 
EQLP 
m u  
EQLP 
WAP 
W A P  

WAP 

ECBP 
ECBP 
ECBP 
mw 
mLP 

mLP 

EOLP 

WAP 

mLP 
WAF) 

MLP 

WAP 
WAP 

mLP 

mLP 

WAP 

mLP 
EQLP 
WAP 

152 46 Y 

75 36 Y 

154 40 Y 

16 36 Y 

8 7  52 
117 30 
117 48 
367 50 
46 3 46 
582 42 

68 46 Y 

12 44 
31 30 
32 40 
58 44 k' 

117 28 

70 42 Y 

39 40 Y 

105 44 Y 

88 36 Y 
340 46 

9 30 Y 

289 30 
289 40 

34 42 

12 42 

74 28 
- - .. 

. _ _  
- -  . .  

Y 

5 40 
35 44 

2416 36 
A-18 QQa@jy2&J 



Appendix A-4. List of Ohio Reference Sites (Macroinvertebrate D a t a ) .  

Drainage 
River ECO- area 

m i  le Year region (sq.mi.) IC1 SRP 

?vscARAwAs RIVER 
18.4 83 
10.7 83 

RIVER m 
5 . 1  83 

MUDDY FK. MOHICAN R. 
19.4 84 
13.5 83 

13.0 84 

2.0 84  

90.9 84 

22.7 83 

64.3 84 

28.3 84 

7.0 83 
6 .9  84 

m c R E E K  
1.5 84 

VERMILION RIVER 
10.7 84 

WABASH RIVER 
476.0 85 

JEFK?MEFwu< 

W r n T m l X K A  CREEK 

MAHONING RIVER 

P m A l V N I N G  CREEK 

UryAHOcA RIVER 

TINKERS CREEK 

BREAKNEmcREEK 

WAP 
WAP 

mw 
mw 
mw 
mw 
WAP 

mw 
mLP 

mw 
mw 
mw 
mLP 

mw 
ECBP 

ECBP 

2470 
2566 

9 

20 
42 

35 

252 

44 

38 

187- 

3 

15 
40 

40 

272 

102 

42 
46 

34 

18 
28 

50 

48 

36 

42 

54 

40 

36 
32 

36 

46 

26 

\ 



Appendix A-5.  List of Modified Ohio Reference Sites (Wading Sites; >20 sq.mi.1 

Drainage Mean 
River Sampler Eco- Area No. Modified 
mi 1-e Year type region (-sq.rni. ) Species IWb . IBI SRP 

HOC)<INC RILER 

SUGARCREEK 

KoNZEhi DITCH 

96.2 82 S 

26.8 86 D 

0.7 83 S 
0.7 84 S 

6.8 84 D 

7.4 81 D 

3.5 83 D 

5.8 83 G 

19.8 83 S 

97.5 83 D 
96.4 83 D 

1.6 84 D 

11.0 83 D 

21.1 81 D 

8.6 79 C 
6.1 79 G 

0.1 83 S 

5.6 83 D 
2.3 83 D 

27.5 83 D 

0.4 83 D 

4.3 82 S 

63.0 82 S 

4.5 82 G 

2.3 82 S 

OORDONCREEK 

NORTH PClwELL CREEK 

BLUE CREJ3 

HOAGLIN CREEh 

my cREEI\ 

BLANCHARD RIVER 

MLD CREEK 

LICK cxEJ3 

MUDDY CREEIi 

I ' y M o c H T E E m  

XThTYRE CREEK 

P o l A H o K m  

yELU31JcREEK 

N. FK. LITIZEMIAMI 

r n 7 '  CREEK 

STILLWAm RIVER 

SWAMP CREEK 

WCHINIPPI CREEK 

ECBP 

ECBP 

HELP 
HELP 

HELP 

HELP 

HELP 

HELP 

HELP 

ECBP 
ECBP 

HELP 

HELP 

HELP 

ECBF 
ECBP 

WAF) 

WAP 
WAP 

WAP 

ECBP 

ECBP 

ECBP 

ECBP 

ECBP 

24 .O 

30.0 

25.0 
24.0 

37.0 

40.0 

114.0 

41 .O 

22.0 

43.0 
48.0 

56.0 

36.0 

86.0 

229.0 
232.0 

27.0 

80.0 
85.0 

29.0 

37 .O 

25.0 

26.0 

25.0 

85.0 

A-20 

9.0 

11 .o 

11 .o 
11 .o 

17.5 

11.5 

24 .O 

13.0 

8.5 

21.5 
23.0 

17.5 

14.0 

13.7 

23.0 
19.0 

14.5 

21.7 
20.0 

17.3 

16.5 

15.5 

15.7 

15.0 

14 -. 5 1- 

6.1 

6.9 

6.5 
6.5 

7.8 

5.2 

8.6 

5.3 

5.0 

8.0 
7.8 

7.1 

5.9 

6.6 

7.7 
5.7 

8.0 

6.9 
6.4 

6.7 

7.1 

7.7 

6.2 

3.7 

7 .-1 

29 

36 

24 
24 

23 

19 

26 

23 

21 

29 
28 

27 

26 

2'7 

38 
32 

40 

30 
32 

28 

30 

45 

29 

25 

- 42 

' I  . 
I . f  

. -  

. .  

Y 
Y 

k' 



Appendix: A-5. List of Modified oh10 Reference Sites (Wading Sites; >20 sq.mi.1 

Drainage Mean 
River Sampler Eco- Area No. . W i f  i ed  

m i  le Year type region Isq.mi. ) Species Iwb IBI SRP 

L. CHIPPEWA CREEK 

BmFw CREEli 
0.1 83 D EOLFJ 29.0 9.0 5 . 2 .  30 

0.8 a4 D WAP 49.0 15.0 5.1 25 

A-21 



Appendix A-6. List of Modified Ohio Reference Sites (Boat Sites). 

Drainage Mean 
River Sampler Eco- Area No. Modified 
mi le Year type region (sqmi. ) Species I& IBI SRP 

SCIOTO RIVER 
150.0 79 A 
142.8 79 A 
142.8 80 A 
140.0 79 A 
133.0 86 A 
EVERSOLE RUN 
0.3 79 A 

MILL CREEK 
0.2 79 A 

MAUMEE RIVER 
49.6 84 A 
45.7 86 A 
38.5 86 A 
33.0 86 A 

65.0 86 A 
15.2 84 A 

13.5 83 A 

34.8 84 A 
26 .O 84 A 
23.2 84 A 
14.1 81 A 
6.5 84 A 
1 .o 81 A 

55.4 84 A 

43.0 81 A 
30.2 81 A 
26.6 81 A 
19.0 81 A 

0.4 81 A 

30.9 84 A 
28.1 84 A 
QZEAT MIAMI RIVER 
115.3 82 A 
107.6 82 A 
83.3 80 A 
77.1 80 A 

22.6 82 A 

AUCLAIZE RIVER 

BLANCHARD RIVER 

TIFFIN RIVER 

?€IAMI-ERIE CAK& 

SANDL'W RIVER 

HONEYCREEK 

LIlTLAE R4ccooN CREEK 

- c i R E E p I ~ c R E E I (  

977.0 
1021.0 
1021.0 
1042.0 
1068.0 

12.7 
13.3 
IO. 0 
10.3 
16.0 

7.6 29 
8.2 34 
6.5 25 
7.2 33 
8.3 37 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

12.7 8.1 35 ECBP 1040.0 

ECBP 179.0 15.3 7.9 33 

7.9 31 
8.7 39 
6.5 31 
6.5 25 

HELP 
HELP 
HELP 
HELP 

5581 .O 
5655.0 
5697.0 
6052.0 

17.3 
18.0 
11.3 
11.7 

HELP 
HELP 

207 .O 
1932.0 

16.7 
17.3 

8.2 26 
7.1 23 

HELP 704.0 13.0 5.4 22 

410.0 
422.0 
471 .O 
556.0 
737 .O 
777 .O 

12.7 
11.7 
13.7 
10.3 
14.3 
15.0 

6.4 26 
5.9 27 
6.4 25 
5.6 28 
6.4 32 
7.2 25 

ECBP 
HELP 
HELP 
HELP 
HELP 
HELP 

200.0 16...0 5.6 20 HELP 

ECBP 
HELP 
HELP 
HELP 

957.0 
1049.0 
1065.0 
1253 .O 

9.3 
11.3 
10.0 
9.3 

6.4 33 
7.1 33 
5.7 28 
5.2 24 

ECBP 176.0 10.3 5.4 27 

WAP 
WAP 

37 .O 
48.0 

5.3 
12.0 

4.0 .26 
6.8 27 

849.0 
904.0 
1174.0 
2591 .O  

13.3 
13.7 
13.7 
13.3 

7.4 38 
7.5 35 
7.6 30 
6.5 27 

ECBP 
ECBP 
ECBP 
ECBP 

- - -  

ECBP 7.-1 -- -33 - -106.0 - . 14.3 - - - -  

. .  . .  .. . ., 
'. .- ... . ' 

8-22 



Appendis A-6. L i s t  of Modified Ohio Reference S i t e s  ( B o a t  Sites). 

Drainage Mean 
R i \ - e r  Sampler k o -  Area N o .  Modified 
mi le Yea'r t>-Pe region (sq.mi. ) Species  I& IBI SRP 

c x x m r r m m  
FEEDER CANAL 

N. FX. LICIiINC RIVER 

'NSCARAWAS RIVER 

CHIPPEWA CREEh 

22.0 8 4  A WAP ' 90.0 21 .o 8.0 37 

0 .6  8 4  A m u  200.0 12.0 6.7 29 

3.4 82 A mu 227.0 16.3 8.6 39 

39.3 83 A W A P  2374 .O 19.7 7.6 33 

17.2 83 A EOLP 33.0 12.0 6.1 29 
6.5 83 A mLP 146.0 11 .o 6.1 24 
0 . 5  83 A EOLP 188.0 11.7 6.0 29 

WILLS CREEK 
46.6 8 4  A 
3 i . 7  8 4  A 
29.0 8 4  A 

0.8 84  A 

46.3 80 A 

11.3 80 A 

EATHERKXID CREEIi 

?lAHONINC RIVER 

MosBLrIm CREEK 

W A P  554.0 11.3 6.2 26 
W A P  671 .O 13.0 6.5 28 
w e  738.0 11.5 5.8 26 

WAP 91 .o 10.3 5.4 22 . 
EQLP 424 .O 17.7 7.9 38 

EQLP 101 .o 13.0 6.3 26 

A-23 



Appendis A-7. L i s t  of Modified Ohio Reference Sites (Headwater Sites;< 20 sq.mi. ) 

Drainage Mean 
River Sampler Eco- Area No. Mcdified 

m i l e  Y e v  t S F  region (sq.mi. )  Species Iwb IBT SRP 

M. FK. 
3.8 84 D 

14.1 84 D 

2.1 84 D 

19.1 84 D 

6.3 85 D 

3.7 85 E 

17.6 81  C 
16.2 81 C 

LI'ITLE M I A M I  RrVER 
101.3 83 F 
PAINTER CREEK 

16.2 82 G 
INDIAX CREEK 

0.5 . 82 C 
N. F'K. STILLWATER R. 

0.4 82 S 
BLACK FORK CREEK 

2.7 87 D 
OGC m?r; 

1.5  87 E 
SWARTZ DITCH 

0.2 85 E 
R n m  m 

3.9 .83 D 
L. CHIPPEWA CREEK 

11.4 86 E 
11 .4  81 C 

s. FmJELt CREEK 

CARTER CREEK 

BRUSH CREEK 

PARAMOUR CREEIi 

PFG "RIB TO PARAYOUR 

ELKFORK 

ECBP 

HELP 

HELP 

HELP 

ECBP 

HELP 

WAP 
WAP 

a ECBP 

ECBP 

ECBP 

ECBP 

WAP 

WAP 

EOW 

EOLP 

6.0 

4.0 

10.0 

17 .O 

4.5 

1 .o 

7.5 
9.5 

9.0 

3.5 

20.0 

18.0 

7.8 

4.0 

16.0 

14.0 

0.8 
0.8 

- .  

10.5 

8.0 

12.0 

10.0 

11.0 

9.0 

11.0 
13.0 

14.; 

13.5 

' 16.5 

13.3 

12.5 

11.5 

19.7 

16.7 

10.0 
8.0 

A-24 

6.3 

2.6 

7.2 

5.8 

7.2 

6.9 

3.6 
4.0 

6.9 

3.6 

4.6 

6.2 

5.3 

5.5 

6.0 

8.3 

5.9 
3.4 

29 

23 

24 Y 

23 

34 

32 

30 
32 

31 

27 

24 

26 

29 

36 

31 

27 ' 

30 
35 



Appendix A-8. List of Relatively Unimpacted Ohio S i t e s  Used to Judge 
the Performance of t h e  IC1 (Macroinvertebrate Data). 

D r a i n a g e  
River ECO- area 

m i  le Y e a r  region (sq.mi. 1 IC1 SRP 

HOCKING R D Z R  

(=LEARcREEK 
92.0 82 

16.1 82 
14.2 82 
13.1 82 
9.5 82 
2 .O 82 

MUDDY PRAIRIE RLK 
0.4 82 

SCIOTO RII'ER 
221.5 84 
220.1 84 
216.7 84 
212.5 84 
211.4 84 
210.1 84 
207.7 81 
203.3 83 
136.7 81 
133.0 81 
129.3 81 
116.3 81 
116.3 81 
101.4 81 
101.4 81 
98.4 81 
98.3 81 
85.3 81 
85.4 81  
78.7 81 
78.7 81 
70.4 81 

47 .O 82 
42.5 82 
36.9 82 
32.3 82 
28.9 82 
23.5 82 
16.9 82 
13.7 82 
5.3 82 
4.1 82 
1 .2  82 

WALNVT CREEK 

mLP 

ECBP 
ECBP 
ECBP 
EOLP 
WAP 

mLP 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
EOLP 
ECBP 
EOW 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

mLP 
EOLP 
mm 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

ECBP 

18 

20 
22 
27 
52 
89 

8 

77 
98 

128 
160 
161 
167 
178 
223 

1052 
1068 
1620 
2267 
2267 
261 1 
264 1 
3219 
3219 
3349 
3349 
3819 
3819 
3849 

27 
41 
63 
82 

138 
152 
188 
198 
272 
273 
285 

17 

A-2s 

48 

40 
36 
40 
34 
46 

50 

18 
24 

.44 
24 
22 
30 
28 
40 
48 
34 
26 
30 
30 
50 
46 
48 
38 
44 
46 
50 
46 
44 

36 
44 
32 
42 
42 
48 
44 
40 
40 
46 
44 

28 



Appendix A-8. L i s t  of Relatively 
the Performance of 

Unimpacted Ohio Sites Used to Judge 
the IC1 (Macroinvertebrate Data). 

Drainage 
River ECO- area 

m i  le Year region (sq.mi. ) IC1 SRP 

BIG W A D J W  CREEK 
65.1 82 
60.0 82 
54.6 82 
50.4 82 

21.8 84 
20.9 84 
16.1 84 
12.8 84 
9.9 84 

SHAW CREEK 
0.4 84 

MAUMEE RIVER 
100.6 84 
91.5 84 
69.3 84 
58.1 84 

3.6 83 

97.5 83 
95.6 83 
88.3 83 
79.2 83 
76.4 83 
71.9 83 
61.4 83 
35.7 83 

13.9 83 

37.6 84 
31 .O 84 

23.0 84 
18.7 84 
7.1 84 
0.9 84 

LICK CREEK 
-11.0 84 

8.0 84 
1.3 84 

47.8 81 
41.8 81 

wHImxNE- 

m c R E E K  

BLANCHARD RIVER 

EAGLE CREEK 

TIFFIN RIVER 

26.2 a4 

SANWSKY RIVER 

ECBP 
ECBP 
ECBP 
ECBP 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

ECBP 

HELP 
HELP 
HELP 
HELP 

HELP 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
HELP 

HELP 

ECBP 
HELP 
HELP 
HELP 
HELP 
HELP 
HELP 

HELP 
HELP 
HELP 

ECBP 
ECBP 

27 
37 
67 

101 

35 
36 
43 
51 
61 

30 

2128 
2169 
231 1 
5544 

49 

43 
50 
83 

106 , 

113 
158 
237 
488 

31 

386 
414 
422 
470 
563 
7 36 
776 

36 
* 61 - 

105 

774 
962 

A-26 

28 
34 
38 
28 

20 
20 
26 
46 
42 

30 

32 
42 
44 
44 

\ 

34 

32 
38 
26 
26 
20 
38 
40 
38 

38 

28 
32 
38 
46 
24 
50 
22 

. .  , .. 
44 
46 ",._' ,.: ' .."{ ,,,. ~ 

, . . 5 . . I  . . .  



Append ix  A-8. L i s t  of Relatively Unimpacted Ohio Sites Used to Judge 
t h e  Performance of the IC1 (Macroinvertebrate D a t a ) .  

' Drainage 
R i v e r  ECO- area 
mile Year region (sq.mi.) ic1 SRP 

SANwsh'Y RIVER 
38.9 81 
38.1 81 
36.5 81 
31.9 81 
23.9 81 
21.3 81 

R4cc1ooK CREEK 
11.7 83 

LI?TLE MIAMI RIL'ER 
101.4 83 
86.4 83 
83.1 83 
80.0 83 
76.2 83 
72.3 83 
66.6 83 
63.2 83 
53.9 83 
52.8 83 
35.9 83 
33.0 83 
30.7 83 
29.2 83 
28.0 83 
23.9 83 
20.9 83 
18.5 83 
13.1 83 
8.8 83 

6.2 83 
0.7 83 

E. FK. LI'ITLE MIAMI 
70.1 82 
56.2 82 
54.4 82 
44.1 82 
41 .O 82 
34.9 82 
19.6 82 
15.4 82 
13.2 82 
11.5 82 
9.1 82 QU 2 $&kjj 82 

'IVRTLECREEK 

ECBP 
ECBP 
ECBP 
HELP 
HELP 
HELP 

HELP 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
IP  
IP 
IP  
IP  
IP 
IP  
I P  
IP  
IP 
IP  

I P  
IP  

ECBP 
IP 
I P  
I P  
IP  
IP  
I P  
IP 
IP 
IP 
IP  
IP  

1008 
1029 
1031 
1047 
1068 
107 1 

12 

9 
102 
121 
130 
229 
295 
308 
360 
402 
407 
959 

1035 
1057 
1064 
1069 
1145 
1161 
1187 
1203 
1713 

18 
58 

88 
151 
158 
195 
209 
238 
343 
358 
374 
376 
380 
458 

A-27 

40 
38 
36 
48 
50 
48 

20 

38 
38 

,42 
36 
42 
32 
38 
38 
42 

0 36 
42 
42 
46 
52 
48 
54 
46 
46 
50 
52 

30 
36 

32 
36 
36 
34 
44 
36 
38 
48 
50 
54 
52 
56 



Appendix A-8. List of Relatively URimpacted Ohio Sites Used to Judge 
the Performance of the IC1 (Macroinvertebrate D a t a ) .  

Drainage 
River ECO- area 

m i  le Y e a r  region (Sq.mi ) IC1 SRP 

E. FK. LI'ITLE MIAMI 
4 .1  82 
1.2 82 
0.8 82 

19.5 84 
17.2 84 

8.6 84 
8.1 84 
0.6 84 

13.1 84 

TODD FORK 

LYTLE CREEK 

HURON RIVER 

12.3 I 84 
ROCKT RIVER 

7.7 81 
4.7 81 
2.9 81  

E. BR. ROCKYRrVER 
26.6 81  
17.5 81 
15.2 81 
11.6 81 
10.7 . 81 
8.3 81 
6.4 81 
5.1 81 
4.9 81  

W. BR. EzM;xy RIVER 
33.5 81  
27.3 81  
17.2 81  

N. BR. RDCKYRIVER 
5.5 81  
0.5 81  

QUXT ML4MI R I M 3  
158.3 82 
148.6 82 
142.2 82 
130.1 82 
127.6 - 82 
126.0 82 
123.9 82 
118.5 82 
114.3 82 
113.5 82 

IP 
IP 
IP 

ECBP 
ECBP 

ECBP 
ECBP 
ECBP 

HELP 
HELP 

mw 
mw 
EQW 

mw 
mw 
mw 
EQLP 
mw 
EOLP 
mLP 
mu 
mLP 

mw 
mw 
EQW 

mW 
Bow 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

483 
498 
498 

55 
80 

4 
4 

20 

352 
365 

287 
290 
29 1 

12 
50 
57 
61  
62 
64 
66 
67 
77 

8 
69 

133 

35 
37 

119 
290 
415 
540 
547 
550 - 
562 
840 
873 
877 

A-28 

50 
44 
46 

44 
44 

38 
48 
40 

48 
' 30 

28 
44 
38 

50 
48 
54 
46 
38 
52 
36 
46 
42 

34 
40 
46 

50 
40 

46 
40 
48 
50 

~ 44 .. 
-_  - 

42- 
40 
48 
34 
46 
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A p p e n d ~  A-8. L i s t  of Relatively Unimpactd Ohio S i t e s  Used to'Judge 
the  Performance of the I C 1  ( k r o i n v e r t e b r a t e  Data). 

Drainage 
River Eko- . area 

m i  le Y e a r  region (sq.mi. 1 ic1 SRP 

(IRE;\T MIAMI RIVER 
110.1 82 
106.1 82 
104.7 82 
100.8 82 
95.7 82 
92.6 82 

53.2 84 
52.1 84 
51.2 84 
50.7 84 
38.4 84 
35.9 84 
32.7 84 
29.5 81  
29.1 84 
25.6 84 
24.1 84 
21.1 84 
1'7.5 84 
11.5 84 
8.7 84 
6.3 83 
3.9 84 
1.6 84 
0.2 84 

63.0 82 
59.8 82 
57.0 82 
55.4 82 
52.4 82 
37.8 82 
33.5 82 
31.1 82 
27.8 82 
25.1 82 
18.3 82 
14.9 82 
11.4 82 
9.0 82 
7.9 82 
4.7 82 

MAD RI\ER 

STILLWATER RIVER 

34.5 82 

ECBP 
ECBF 
ECBP 
ECBP 
ECBP 
ECBP 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

ECBp * 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

ECBP 

894 
926 
939 
972 

1137 
1149 

35 
36 
56 
58 

188 
242 
264 
310 
3 10 
464 
490 
495 
528 
553 
617 
627 
642 
654 
656 

26 
39 
72 
77 
99 

207 
232 
441 
50 1 
514 
599 
609 
638 
650 
65 1 
664 . 

675 

6 

46 
46 
46 
48 
50 
50 

44 
52 
52 
50 

,4 4 
28 
38 
44 
44 
44 
20 
46 
46 
44  
30 
46 
38 
48 
46 

34 
48 
44 
38 
40 
40 
48 
50 
54 
48 
42 
48 
46 
44 
50 
50 
50 

50 

A-29 



Appendix A-8. L i s t  of R e l a t i v e l y  U n i m p a c t e d  Ohio S i t e s  U s e d  to Judge ne Performance of the ICI- (Macrdinvertebrate Data-)-. 

Drainage 
River ECO- area 

m i  le Year region (sq.mi. ) IC1 SRP 

QLEEMrILLEcREM 
28.9 82 
22.3 82 
19.5 82 
16.2 82 
13.7 82 
10.5 82 
5.6 82 
1.4 a2 

SWAMP CREEK 
4.4 82 

N. FK. STILLWATER R. 
0.4 82 

KILLBUCK (=REEI( 
55.4 81 

51.6 83 
45.9 81 
35.6 83 
28.9 83 ' 

24.8 83 
23.7 83 
20.7 83 
13.3 83 

APPLE CREEK 
0.1 81 

S. FK. LICKING RIVER 
31.6 84 
28.5 84 
27.6 84 
13.0 84 
12.9 84 

3.6 83 
1.8 83 
0.6 83 

'IUSCARAWM RIVER 
126.9 83 
119.3 83 

51.6 ai 

SUGARCREEK 

_. 7-3.7 - 

68.7 
83 
83 

61.4 83 
58.3 83 
5.8.1 83 
57.8 83 
56.8 % 83 

EE3P 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

ECBP 

ECBP 

mLP 
mLP 
EOLP 
mLP 
mLP 
WAP 
WAP 
WAP 
WAP 
WAP 

mLP 

ECBP 
ECBP 
ECBP 
mLP 
mLP 

WAP 
WAP 
WAP 

mw 
Bow 
WAP 

- WAP 
WAP 
WAP 
WAP 
WAP 
WAP 

68 
106 
140 
153 
174 
188 
196 
200 

25 

18 

87 
117 
117 
210 
36 7 
397 
463 
464 
497 
582 

55 

12 
31 
32 
117 
117 

40 
38 
32 
32 
40 
46 
54 
44 

36 

42 

52 
48 
30 
32 
50 
36 
46 
32 
32 
42 

24 

44 
30 
40 
28 
26 

340 46 
350 54 
356 . 42 

5 
35 
586 
1-105 
1408 
1413 
1413 
1770 
1772 

40 
44 
28 
42 
34 
34 
38 
34 
44 

A- 30 



Appendis A-8. List of Relatively Unimpacted Ohio Sites U s e d  to Judge 
the Performance of the I C 1  (Macroinvertebrate D a t a ) .  

Drainage 
River ECO- area 

m i  le Year  region (sq.mi. 1 I C 1  SRP 

'IUSCARAWAS RIVER 
54.2 83 
52.3 83 
47.2 83 
30.9 83 
21.1 83 
18.4 83 
10.7 83 

RIVER S?1X 
5.1 83 

L.  CHIPPEWA^ 
2 . 1  81 
0.1 81 

13.0 81  
0.9 84 

75.8 84 
7 1  .O 81 
62.7 84 
60.1 83 
58.6 84 
56.5 84 3 

53.5 84 
46.6 84 

11.3 82 

64.3 84 
55.8 84 
54.3 84 
52.6 84 
48.4 84 
46.4 84 
42.6 84 

28.3 84 
27.1 84 
25.4 84 
24.5 84 
23.1 84 
22.1 84 
16.7 '  84 
14.3 84 
12.5 84 

BRLWDYWINE CREEK 
Q(j@XSy& 84 

JERmEm 

WILLS CREEX 

YILL CREEK 

CUYAHOG.4 RIVER 

TINKERS CREM 

, 
I 

WAP 
WAP 
WAP 
WAP 
WAP 
WAP 
WAP 

mLP 

mLP 
mu 
mLP 
mLP 

WAP 
WAP 
WAP 
WAP 
WAP 
WAP 
WAP 
WAP 

EOLP 

m u  
mLP 
mLP 
mw 
mw 
mLP 
EQW 

mw 
mw 
mLP 
mLP 
mw 
m u  
mLP 
mLP 
mLP 

mLp 

1814 
1816 
1870 
24 16 
2443 
2470 
2566 

9 

26 
30 

35 
161 

28 1 
287 
408 
470 
472 
480 
486 
554 

28 

187, 
29 1 
29 3 
309 
327 
332 
340 

4 
11 
16 
20 
24 
4 1  
56 
62 
67 

25 

A-31 

44 
50 
40 
36 
40 
42 
46 

34 

40 
,32 

50 
28 

34 
36 
22 
28 
20 
22 
36 
20 

24 

54 
34 
46 
22 
32 
36 
38 

40 
36 
36 
24 
26 
24 
30 
22 
28 

20 



Appendis A-8. L i s t  of Relatively Unimpacted Ohio Sites Used to Judge 
the Performance of the IC1 (Macroinvertebrate D a t a ) .  

Drainage 
River ECO- area 

m i  le Y e a r  region (sq.mi. 1 IC1 SRP 

EmwNmicREEK 
6.9 84 mI2 40 
3 .1  84 Eow 73 
1.8 84 Eow 74 
0.5 84  mLP 78 

3.2 82 mw 27 
FREKH CREEK 

A- 32 

32 
38 
40 
44 

42 



Appendis A-9. List of Moderately Impacted Ohio Sites U s e d  to Judge 
the Performance of the IC1 (Macroinvertebrate D a t a ) .  

Drainage 
River ECO- area 
mile Year region (sq.mi.) ic1 SRP 

RUSH CREEK 

WALNVT CREEK 
2.1 82 

40.1 82 
38.9 82 
L. AUCLAIZERWER 

14.3 83 
3.9 83 

1.4 83 

57.4 83 
55.2 83 
53.8 83 
49.8 83 
44.9 83 

0.3 83 

13.3 84 
11.7 83 
8.7 84 
3.3 84 

LIlTLE R A m '  CREEK 

MIDDLE CREEIi 

B L A N O  RIVER 

EAGLE CREEK 

BRUSH cREEI( 

28.4 a4 
24.5 84 

LI'ITLE MIA!! RI\rER 
98.7 83 

?vRTLEcREM 
4.4 83 
0.5 83 

7 .1  84 

9.5 84 

11.5 81 
10.8 81 
9.9 81 

E. BR. ROCKY RIVER 
3.4 8 1  
1.1 81 

W. ER. RDCKYRIVER 
31.4 81 
29.4 I 81 

5.4 81 

LYTLE CREEX 

HuEaoN RrVER 

FUEKY RIVER 

@(&4i3 

WAP 

mLP 
mw 
HELP 
HELP 

HELP 

ECBP 
ECBP 
ECBP 
ECBP 
ECBP 

ECBP 

HELP 
HELP 
HELP 
HELP 

WAP 
WAP 

ECBP 

IP 
IP 

ECBP 

HELP 

mLP 
mw 
mLP 

mLP 
mw 
mLP 
M)w 
m u  

234 

65 
69 

119 
399 

102 

336 
346 
355 
379 
4 54 

51 

38 
40 
58 
64 

45 
67 

30 

31 
58 

6 

386 

267 
268 
268 

75 
76 

16 
6 1  

151 

A-33 

16 

24 
24 

.28 
28 

16 

18 
1 4. 
16 
16 
16 

16 

16 
16 
16 
8 

12 
16 

16 

8 
18 

22 

14 

24 
16 
14 

20 
28 

32 
22 
30 
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Appendix A-9. List of Moderately Impacted Ohio Sites-Used to Judge 
the Performance of the IC1 (Macroinvertebrate D a t a ) .  

Drainage 
River , ECO- area 

m i  le Year region (sq.mi.) IC1 SRP 

W. BR. ROCKY RIVER 
0.4 81 

QEAT MIAMI RIVER 
153.5 82 
c;REEMrILLE CREEK 

18.9 82 
18.0 82 

0.3 82 

48.3 81 
47.8 83 
44.6 83 
41.5 83 

APPLE CREEK 
0.1 83 

TL~SCARAWAS RIVER 
114.3 83 
100.2 83 
94.2 83 
89.7 83 
89.4 83 
89.0 83 
84.5 83 
78.1 83 

19.6 83 
16.3 83 
8.9 83 

RIVER STYX 
2.3 83 

L. CHIPPEWA CREEK 
0.1 83 

JERDMEFmK 
5.6 84 

WILLS CREEK 
68.1 84 
66.7 84 
65.1 84 

9.1 83 
7.1 83 
3.0 83 

40.2 84 
20.8 84 

!3i'AYP CREEIi 

KILLBUX CREEK 

cHIFFEh.4 CREEK 

MosBuImcREM 

CWAHOCA RIVER 

EOLP 

ECBP 

ECBP 
ECBP 

ECBP 

EOLP 
EOW 
DLP 
EOLP 

EQLP 

EQLP 
mLP 
EOLP 
EOLP 
mLP 
EOLP 
mLP 
mLP 

EOLP 
mLP 
mLP 

mLP 

mLP 

mLFJ 

WAP 
WAP 
ww 1 

EOLP 
EOLP 
EOLP 

EOLP 
EOLP 

188 20 

236 20 

141 .18 
142 16 

63 18 

191 18 
192 16 

248 10 
217 6 

55 8 

63 
397 
4 35 
511 
511 
511 
54 1 
567 

8 
18 
18 
16 
12 
18 
16 
24 

23 14 
40 22 
80 8 

24 18 

30 12 

120 14 

292 14 
313 20 
314 18 

107 24 
115 14 
128 18 

__ - 

404 
583 

26 
22 

A - 3 4  
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Appendix A-10. List of Severely Impacted Ohio Sites Used to Judge 
the Performance of the IC1 (Macroinvertebrate 'Data 1 . 

Drainage 
River ECO- area 
mile Year region (sq.mi.) ic1 SRP 

HOCKING RIVER 
91.1 82 
89.3 82 
88.5 82 
87.3 82 
85.4 82 
82.9 82 
81.8 82 

15.4 82 
14.5 82 
12.7 82 
9.1 82 

SCIOTO RI\ER 
124.5 81 
117.3 81 
T o w I \ : m  

14.6 83 
12.5 83 

11.3 83 
10.2 83 
8.7 83 
6.5 83 
3.1 83 

LI'ITLE R4ccoON CREM 
31.2 84 
11.0 84 
1.8 84 

3.1 84 
0.9 84 
0.1 84 

5.9 83 

6.0 84 
4.8 84 
4.0 84 

W. BR. ROCKY RIVER 
33.3 81  
4.5 81 
3.6 81 
2.1 81 

QZEAT MIAMI RIVER 
157.2 82 

RUSH CREE3i 

RAccax CREEK 

MEADOW RUN 

' I v R T L E m  

LYTLE CREEK 

mLP 
mLP 
EOLP 
mLP 
mLP 
WAP 
WAP 

WAP 
WAP 
WAP 
WAP 

ECBP 
ECBP 

HELP 
HELP 

HELP 
HELP 
HELP 
HELP 
HELP 

WAP 
WAP 
WAP 

WAP 
WAP 
WAP 

IP 

ECBP 
ECBP 
ECBP 

mLP 
mLP 
mw 
mw 
ECBP 

36 
51 
64 
67 
86 
98 

334 

160 
162 
190 
206 

1640 
1709 

19 
21 

12 
13 
15 
18 
22 

36 
128 
150 

5 
10 
10 

18 

12 
13 
14 

9 
160 
161 
182 

120 

~ 

A-36 

6 
0 
0 
0 
0 
0 
0 .  

6 
4 
0 
6 

10 
10 

4 
' 4  

0 
4 
0 
8 
8 

4 
8 
6 

12 
0 
0 

0 

0 
6 
4 

- 
12 
10 
10 
10 

6 

- . .. 



Appendix A-10. List of Severely Impacted Ohio Sites Used to Judge 
the Performance of the IC1 (Macroinvertebrate D a t a ) .  

Drainage 
River ECO- area 

IC1 SRP mile Year region (sq.mi. ) 

SWAW CREEK 
2.3 82 
1.7 82 

‘LUsCML4WA.S RIVER 
112.6 83 
112.5 83 
110.8 83 
109.5 83 
109.0 83 
108.0 83 
106.0 83 
101.2 83 
87.4 83 
81.4 83 

19.2 83 
14.4 83 
6.6 83 

0.7 83 
0.1 83 

L. CH1P”EKACXEEK 
10.5 81 
10.1 81 
8.6 81 
6.7 81 

12.1 84 
10.5 84 
9.1 84 

7.8 82 
6.5 82 
2.6 82 
1.2 82 
0.1 82 

5.6 83 
0.6 83 

37.2 84 
35.3 84 
33.2 84 
28.9 84 

C H I r n A  CREEK 

RIVER SlW 

JEROMEF’ORE; 

MILL CREEK 

KISBUITO- 

cwAHo(;A RIVER 

BRkhTDnnNE CREEK 
O.QQ(j+pJLp34 

ECBP 
ECBP 

mLP 
mLP 
mLP 
EOLP 
mw 
mLP ‘ 

mw 
mLP 
EOLP 
mLP 

EOLP 
mLP 
mw 
EQw 
EQW 

EOLP 
EQLP 
EQLP 
mLP 

mLP 
EOLP 
Mxp 

mLP 
EDLP 
mLP 
mLP 
EDLP 

EDLP 
EDLP 

mw 
mLP 
EDLP 
mLP 

mw 

58 
59 

72 
72 
74 

153 
153 
156 
163 
174 
524 
554 

23 
48 

146 

28 
28 

2 
3 
7 

11 

7 1  
76 

107 

36 
52 
72 
78 
79 

120 
138 

443 
457 
480 
513 . 

26 

A-37 

14 
8 

0 
2 
0 
2 
2 
2 
6 

14 
12 
6 

4 
14 
6 

10 
12 

10 
10 
0 
0 

2 
2 
8 

0 
2 
0 
2 
4 

6 
8 

16 
12 
10 
16 

12 



Appendix A-10. List of Severely Impacted Ohio Sites Used to Judge 
the Performance of the IC1 (Macroinvertebrate Data). 

River 
m i  le Y e a r  

Drainage 
ECO- area 
region (sq.mi. 1 IC1 SRP 

BLACK RJ3'ER 
1 4 . 4  82 
9.8 82 
8.3 82 

E.  ER. BLACKRIVER 
0.2 . 82 

W .  EiR. BLACKRIVER 
0 .1  82 

396 
4 1 3  
414  

222 

174  

2 
6 
2 

4 

4 
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SZ 
SZ 

P I  
OP 

SZ 
IC 

92 

22 
81 
OE 
22 
EZ 
91 
22 
OE 
PZ 
8E. 
82 
oz 
9E 
81 
DE 
9E 
E2 
9E 
91 
9E 

L1 
91 
L1 

&E 

LZ 

92 

61 
L1 

6'E 
L'9 

P ' O  
8'E 

P * P  
P ' 9  

9.9 

S*S 
1.9 
9' L 
8'0 
EO9 
8's 
S'P 
0'6 
0'9 
P ' 8  
P ' L  
5 .P  
9'6 
6'9 
9'8 
0'8. 
L'S 
1 *01 
E'S 
6'8 

8'2 
P O 1  
9'0 

L'O 

Z * S  

P ' E  

P ' 2  
9'0 

L'9 
L'E1 

0' 1 
0'6 

E 6. 
LO6 

S . 1 1  

0'6 
0'6 
O'ZI 
S*S 
0'01 
0'9 
0'9 
0'61 
0'6 
0'22 
O'SI 
0'6 
O'SZ 
0!11 
0'61 
0'91 
8'6 
O'S2 
O'S 
0'81 

E'S 
O ' P  
E.1 

O'E 

E.11 

0'8 

0'9 
E.1 

6E -V 

0'61 
O'LI 

P ' P  
O 'E  

O'LI 
0.I1 

0 LLI 

0' ZZZE 
0 ZZZE 

" O'ZZZE 
0 ZZZG 
0' ZZZE 
0 ' ZZZE 
0 99zz 
0' 9922 
0 ' 9922 
0 * 9912 
0 9922 
0 * 9922 
0' 99Z2 
0 9922 
0 ' 9922 
0 9922 
0 9922 
0 9922 
0 9982 
0 99Z2 

O'EEZ 
0'912 
0.112 

Z'I 

0'01 

0'21 

O'PEE 
O'P9 

d833 a 
d833 a 

d 0 S  3 
d033 9 

a m  ' S  
d7m S 

d&33 S 

d833 V 
d833 V 
d a  V 
d833 V 
d833 V 
d833 v 
d W 3  V 
d833 V 
d833 V 
d833 V 
d033 V 
d833 V 
da33 V 
d&33 V 
d W 3  V 
da33 V 
d033 V 
d833 V 
d833 V 
d833 V 

dVA 

dvM 

dvfi 

dQA 
a m  

3 

S 

S 

V 
V 

P8 L'O 
P8 9'2 

28 1'0 
28 S '  1 

28 S ' O  
28 6'0 
XEM3 MVdAVd 
08 s '02 
XIXXI L W A  
6L E'86 
08 E'86 
18 C'86 
6L E'86 
18 E'86 
08 EO86 
6L I'LII 
98 1.f.11 
18 I'LII 
S8 1'LTI 
08 I'L11 
6L 1.L11 
S8 I'L11 
18 I'LIT 
18 1 ' L I I  
98 1 'LTI 
08 I'L11 
98 1 'L IT 
6L I'L1T 
$8 1.L11 
mAI2I m 1 3 s  
28 O'Z 
28 E ' t t  
28 b SI. 

IEmW HSW 
28 1'0 
!EQm V m  
28 9'0 
Nlm !i2mLwH 
28 5 - 0  
M I  NI- 

18 t*Z8 
28 8'68 
tI3NI 3 N I m  

m n a  aoo1MNQLIxx) 

m 31- 



~ppendix A-11. L i s t  of Moderately and Severely I m p a c t e d  Ohio Reference Site QGr304 
'* i n  the Developwnt of IBI " h w - E h d "  Scoring. 

Drainage Mean 
River Sampler Eco- Area No. Modified 

m i  le Year type region (aq . m i .  1 Species I w b  I B I  SRP 

OAK RUN 
14.7 85 
13.5 85 
12.4 85 
11.6 85 
10.3 85 
8.1 85 
7.8 85 

0LENT.NdGY RIVER 
86.3 86 

L I T T L E  SALT CREEIi 
26.9 86 

D L a  CREEK . 2.1 86 
sw.m CREEK 

3.9 86 
2.6 86 
1.2 86 

M. FK. CORDON CREM 
3.8 84 

DISHER DITCH 
2.0 85 
0.3 85 
0.1 85 

SIXMILE CREEK 
1.2 85 

EVANS DITCH 
1.6 86 

(YlTAWA RIVER 
36.7 79 
36.7 85 
28.9 85 
28.9 79 

0.1 85 

1 .o 83 

0.7 85 

3.1 84 

85.3 82 

1.4 * 84 

CRESIZINE Wwrp "RIB. 

B I G  RUN 

SALLY BuFFm CREEK 

MEADOWRUN 

E. FK. LI'ITLEMlAMI 

R 4 - m  

3.0 
2.2 
5.5 
7.0 
7.8 

14.0 
21 .o 

2.0 
' .  10.3 

8.0 
7.3 
5.7 

11.3 
11 .o 

1.3 24 
4.9 37 
3.6 25 
2.7 23 
2.0 22 
3.3 27 
3.7 26 

D ECBP 
E ECBP 
E ECBP 
D ECBP 
E ECBP 
E ECBP 
D ECBP 

D ECBP 9.0 9.0 3.6 22 

E W A P  18.2 13.3 7 . 1  34 

D HELP 4.0 2.0 0.4 19 

A HELP 
A HELP 
.4 HELP 

199.0 
201 .o 
203.0 

9.3 4.6 15 
2.9 14 
2.5 18 

5 - 3  
3.3 

D ECBP 5 . 0  10.5 6 . 3  29 

0.5 
1.5 
1.5 

3.0 
3.0 
1.0 

0.6 
1.1 
0.0 

34 
16 ' 

16 

G HELP 
G HELP 
G HELP 

7 .1  1.7 0.8 13 D HELP 

E '  HELP 1.5 4.0 3.5 28 

131 .O 
131 .O 
160.0 
160.0 

3.0 
9.0 

11 .o 
. 4.0 

0.9 
3.5 
4.3 
2.8 

16 
18 
17 
16 

A . ECBP 
A ECBP 
A HELP 
A HELP 

D ECBP 7.0 1.0 0.6 15 

D '  WAP 4 .O 2.0 0.4 22 

E WAF) 5.0 5.0 2.5 26 

D W A P  5 .0  0.3 0.0 15 

2.0 3.0 S ECBP 1.4 32 

D H E L P .  2.. 0 ~ 2.7 . 1.5 

A - 4 0  
- .  



* I Appkdix Ayll. List of Moderately and Severely lmpacted Ohio Reference Sites U s e d  
in the Developnent of IBI "Lou-End" Scoring. J " . " .  

Drainage Mean 
River Sampler Eco- Area No. Modified 
mi le Year type region (sq.mi. 1 Species Iwb IBI SRP 

0.1 86 
0.1 85 

1.8 85 
1.8 86 
1.2 85 
0.3 85 
0.3 86 
0.3 86 
0.1 86 
0.1 86 
0.1 85 

0S.uiBmG DITCH 
0.7 85 

M C D X E U  DITCH 
1.8 85 

?vsCARAWAS RIVE33 
108.2 83 

69.6 83 
MAHONING RrVER 
31.8 80 
23.4 80 
15.8 86 

4.6 84 
2.0 84 

YAMCEE RUN 
0.3 84 

CUYAHOCA RIVER 
48.7 84 

HURFORDRUN 

103.5 . a3 

LITIZEYANKEERLM 

CXEAT MIAMI RIVER 

UrTERCREm 
0.9 80 A 

7.2 86 E 
5.8 86 D 

33.5 81 A 

11.2 86 D 
11.2 85 D 
0.6 85 D 

3.4 85 D 
3 .? 86 D 

KlLLBucK CREEIi 

NIMISHILLES CREEK 

E BR NIMISHILLEN CRK 

W BR XIMISHILLEN CfK 
D 
D 

E 
D 
E 
E 
E 
E 
E 
E 
E 

E 

E 

A 
A 
A 

A 
A 
A 

D 
D 

A 

A 

IP 

HELP 
HELP 

WAP 

rn 
EQLP 
WAP 

EQLP 
EQLP 

EQLP 
EQLP 

mw 
mw 
EOLP 
mLP 
EQLP 
EQLP 
mLP 
mLP 
mw 
EOLP 

EQLP 

EOLP 
mLP 
WAP 

EOLP 
EOLP 
EQLP 

mu 
mLp 
EOLP 

mLP 

5371 .O 

0.6 
2.0 

377.0 

157.0 
157.0 
186.0 

33.0 
33.0 

47.0 
47.0 

3.0 
3.0 
5.5 
6.0 
6.0 
6.0 
7.0 
7.0 
7.0 

2.0 

12.0 

156.0 
175.0 
1102.0 

612.0 
1004.0 
1016.0 

29.0 
39.0 

45.0 

327.0 

A- 41 

13.7 

0.7 
0.7 

8.3 

6.0 
9.7 
9.7 

15.3 
9.0 

7 .O 
6.7 

0.0' 
0.0 
1.3 
0.3 
0.0 
0.0 
10.0 
10.0 
6.7 

3.0 

7.7 

2.8 
3.7 
12.0 

1.7 
3.7 
7 .O 

15.0 
4.5 

7.5 

9.7 

6.6 

0.0 
0.0 

5.4 

2.3 
3.3 
3.9 

4.4 
2.4 

3.7 
3.1 

0.0 
0.0 
1.0 
0.0 
0.0 
0.0 
4.5 
3.6 
2.5 

1.4 

4.0 

1.2 
3.6 
4.5 

1-. 4 
2.6 
3.2 

5.3 
2.1 

5.4 

5.0 

29 

25 
19 

19 

12 
19 
21 

23 
20 

18 
20 

20 
20 
14 
15 
16 
16 
22 
22 
22 

28 

22 

17 
23 
24 

17 
18 
14 

25 
12 

16 

26 



Appendix A-11. L i s t  of Moderately and Severely Impacted Ohio Reference Sites U s e d  
i n  the Developnent of IBI "Low-End" Scoring. 

Drainage Mean 
RiVer Sampler Eco- Area No. Modified 

m i l e  Year type region (sq.mi. 1 Species I* IBI SRP 

CWAHOGA RIVER 
15.9 84 
15.9 84 
15.9 85 
9.8 85 
9.8 84 
9.8 81 
7.5 85 

TINKERS CREEK 
22.1 84 
3.0 84 
2.1 84 
0.1 84 

3.6 84 

11.0 86 
5.0 86 
3.8 86 

0.2 84 

PoNDBFmK 

L. CL'YAHo(IA RIVER 

BEAVER MEADOW CREEK 

A 
A 
A 
A 
A 
A 
A 

D 
D 
D 
D 

D 

E 
E 
E 

D 

694.0 
694.0 
694.0 
709 .O 
709.0 
709.0 
749.0 

41 ,O  
83.0 
88.0 
89.0 

4 .O 

22.0 
51 .O 
61.0 

5 . 0  

5 .O 
6.0 . 

10.0 
10.0 
4.7 
4.0 
5.0 

11 .o 
7.7 
7 .O 
13.0 

1.3 

8.3 
6.3 
3.3 

8.3 

4.5 14 
3.9 17 
5.0 18 
5.1 14 
4.1 14 
3.4 20 
3.6 16 

5.0 ' _  29 
4.3 18 
3.9 13 
5.3 21 

0.7 13 

3.8 23 
2.8 16 
1.5 15 

4.6 25 
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8-1 : .Ohio Fish Species Designations 

The Index of Biotic Integrity (181 )  requires that fish species be classifled 
by their trophic and environmental tolerance status. 
requires that highly tolerant species be designated. Table B-1 represents 
these designations of Ohio fish species. 
Information System ( F I N S )  which is a computer system designed by Ohio EPA to 
analyze and store fish cornunity relative abundance data. 

The modified I& also 

These are used I n  the Fish 

The designations are based on a review o f  the literature according to the 
guidelines recommended by Karr et a. (1986). The designations for 
environmental tolerance are based on an examination o f  the Ohio EPA statewide 
data base and Trautman (1981). The rationale and method for doing this Is 
explained below. 

Desiqnation of Fish Species Tolerances 

In an effort to obtain an objective ranking o f  envlronmental tolerances for 
Ohio fish species the methodology suggested by Karr et al. (1986) was 
modified. Prevtous efforts to rank fish species tolerances have relied 
heavily on the subjective opinion and information contained in regional 
ichthyological texts. While such information is of  vilue it Is largely 
subjective and qualitative and can result in incorrect species tolerance 
designations. Ohio EPA has the benefit o f  a large data base (approximately 
2000 sites sampled since 1979.) that consists of  quantitative relative 
abundance data generated by standardized sampling methods. A wide variety of 
environmental conditions from least Impacted to severely degraded includlng 
both point and nonpoint source impacts and habttat modification have been 
assessed. Stream and river sizes range from headwater sites (less than 20 sq. 
mi. drainage area) to the largest mainstem rivers. 

The use and interpretation of the Index of Biotic Integrity (IBI; Karr 1981; 
Karr et al. 1986) and the Modified Index of Well-Being (Iwb; Appendix C) 
both require that intolerant or tolerant designations be made. This requires 
a fundamental knowledge of the sensitivity of Ohio fishes to environmental 
disturbances. Regional fish references (e.9. Trautman 1981; Becker 1983) 
frequently discuss species tolerance to various chemical and physical 
disturbances, but rarely use quantitative catch data to assign or rank a 
particular species as tolerant or Intolerant. The results o f  laboratory 
bloassays, historical distribution records, and personal observation (1.e. 
'best professional judgement") are generally relied on to asslgn tolerance 
rankings. It Is believed that by using the Ohio EPA data base and the 
observations of Ohio EPA field biologists the assignment of species tolerances 
could be accomplished with the aid of quantitative data. A representative 
subsample o f  the Ohio EPA data base was used to develop species tolerance 
ranklngs for use wlth the IBI and modified Iwb. 

The operating definltlon of an intolerant species is one that 'should have 
disappeared, at least as a viable population, by the time the site has been 
degraded to the 'fair' category" (Karr et 0. 1986). Therefore, species 

. 
0-1 
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deslgnated as intolerant In Ohlo have been observed to respond negatively to a 
vide variety of disturbances, not just one or two specific types. Table 8-1 
sumnarizes the criteria that were used to determine intolerance/tolerance. Me 
also relied on Trautman (1981) for historical changes in the distribution of 
certain species that were not abundant In our data base. This was most 
helpful for interpretlng the application to smaller streams where Iwb has 
llmlted usefulness. The Ohio €PA catch data (1979-1985) was used for the 
numerical analyses. 
(mld-June to mid-October) were used. 
as a measure of overall environmental condition in thls analysis. The Sth, 
25th. 75th, and 95th percentiles, and median Iwb was calculated for each 
location at which a particular species was captured (Table 8-2). 
generated by wading and boat methods were analyzed separately; only wading 
methods results are shown in Flgure 8-1. 

Only those sites sampled three tlmes during each season 
The Index of Well-Being ( I & )  was used 

Data 

A mean I& value was calculated for each species, weighted by relative 
abundance, to provide an inltial estimate of lntolerance/tolerance. The more 
intolerant a species, the more skewed its relative abundance should be toward 
the hlgher Iwb values. Welghted Iwb values were calculated as: 

1% = (Ni X Irrbi)/ N, where; 

Id+,, = mean weighted I&, 

Ni = relative abundance of species A at slte 1, 

= Iwb value at site 1, 

N = rum of  relative abundance of species A at all sites. 

The box-and-whisker plots for each species In Figures 6-1 through 8-3 present 
the range (with outliers), 25th and 75th percentiles, median, and welghted 
mean (triangle symbol), as follows: 

-Range 
75% i le 

25961 Io 
Median 

#Outlier 
0 

The specles whlch were designated Intolerant are those for which sufficient 
relative abundance data was available and/or those which met the criteria in 

Species considered to be intolerant based on criteria-other than 
the Ohio €PA data base are designated as "rare intolerant" or "special 
intolerant". Species with these deslgnations fall into several categories. 
These include species associated wlth larger rivers and heavy vegetation (e.g. 
river darter, pugnose minnow), specles with restricted geographic 

- Table 6-1. 

distrlbutlons (e.9. longhead darter), endangered species (e.g. , . .  . 

, - .  6-2 
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Table 6-1. C r i t e r i a  f o r  i n c l u s i o n  o f  species on the  Ohio EPA i n t o l e r a n t  and 
t o l e r a n t  species l i s t s .  

I n t o l e r a n t  C r i t e r i a  

1) A d i s t i n c t  and r a p i d  decreas ing t rend  I n  abundance w i t h  decreasing water 
and h a b i t a t  q u a l i t y  (ba.sed on g r a p h i c a l . a n a l y s i s ) .  

2) Abundance skewed towards s i t e s  w i t h  h i g h  Iwb scores (which i s  
r e f l e c t e d  I n  h igher  weighted Iwb scores) .  

3 )  Absence o f  species f rom s i t e s  w i t h  Iwb c6.0,  few s i t e s  G.0, and the  
m a j o r i t y  o f  s i t e s  >8.0. 

4)  A s i g n l f l c a n t  h i s t o r i c a l  decrease i n  d l s t r l b u t i o n  (based on Trautman 
' 1981 ) . \ 

To le ran t  C r i t e r i a  

1) Present a t  a s u b s t a n t i a l  number o f  s i t e s  w i t h  Iwb values <6.0.  

2) E i t h e r  no change ~f a h i s t o r i c a l  inc rease i n  abundance or  d i s t r i b u t i o n  
(based on Trautman 1981).  

3)  A s h i f t  towards t o m u n i t y  predominance w i t h  decreas ing water and h a b i t a t  
qua 1 i t y . 

8-3 
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a b l e  8-2 Mean weighted Iwb,  species r i c h n e s s ,  and Shannon d i v e r s i t y  (H) for a l l  
specles  captured by t h e  OEPA w i t h  the  spor t  yak e l e c t r o f t s h i n g  method. 
Only d a t a  w l t h  t h r e e  passes,  da ta  c o l l e c t e d  a f t e r  1977,  and d a t a  
c o l l e c t e d  w i t h  q u a n t i t l a t l v e  methods (we ights  taken)  were i n c l u d e d .  
P e r c e n t l l e s  were n o t  c a l c u l a t e d  f o r  species where no. o f  s t t e  was < 9 .  
Data  i s  sor ted  from lowest  t o  h l g h e s t  weighted Iwb.  

Mean Mean Mean No. No. 
pecies Wt'd Wt'd Wt'd of of Percentiles 

c . 0051 e/0014e Users Hanual 6 October 30. 1987 007304 

5.045 
4.001 
0.023 
0.003 
3.002 
7.005 
3.016 
7.007 
7.01 3 
005 

>.013 
3.003 
~7.001 
'7.001 
13.042 
13.012 
)I  -002 
'7.008 
13.01 I 
d .002 
10.016 
13.001 
17.004 
w.003 
13.026 
17 .w9 
17.010 
17.003 
17.013 
17.006 
35.001 
30.014 
13.014 
17.002 
.001 

6.65 
6.95 
7.18 
7.32 
7.34 
7.59 
7.68 
7.7 
7.72 
7.82 
7.87 
7.93 
7.96 
7.97 
7.99 
7.99 
8.02 
8.04 
8-09 
8. I 2  
8. I 3  
8.17 
8.25 
8.25 
8.26 
8.27 
8.3 
8.37 
8.38 
8.43 
8.44 
8.44 
8.47 

- el48 
8.5 
8.5 

13.6 
18.7 
16.8 
16.81 
20 
21.2 
19.9 
17.4 
21.8 

24.4 
20.68 
20.4 
23.2 
23.4 
17.3 

24 
22.7 
19.9 
21.6 
'22.2 
23.9 
22.5 
23.88 
20. I 
25.57 
23.48 
23.5 
23.73 
22.78 
21.04 
22.9 
20 ..7 
23.76 
20. I 

20.9 

4 

1.14 
1-73 
I .64 
I .62 
I .72 
I .58 
I .97 
I .61 
2 
I .% 
I .82 
I .74 
1-81 
2. I 3  
2.01 
I .7 

2.47 
I .93 
I .76 
I .91 
I .82 
I . %  
I .97 
I .% 
I .87 
2.08 
I .89 
2.02 
I .84 
2.02 
I .88 
2.03 
I .-95 
2.09 
I .92 

4 

21 
8 
60 
15 
I 

27 
81 
I2 
51 

47 
259 
53 
86 
90 
80 

I 
282 
108 
49 
263 
I82 

9 
39 
229 
31 

18 
71 
92 

206 
7 

8 

I O 3  

4 

220 

8 .  

47 . 

364 4.89 I .73 6.23 
19 2.05 .9 7.14 

I276 5.49 2.06 6.46 
I44 5.04 2.01 7.46 
8 4 4 4 

303 3.32 I .88 6.25 
626 5.69 2.31. 6.73 
w)9 5.04 I .28 7.11 
254 5.69 2.34 6.68 

I 590 5.56 I .94 6.68 
488 7.08 I .42 8.35 
4403 4.83 I .9 7.11 
420 5.69 1-61 6.78 

1014 5.69 I .94 7.29 
477 5-83 I .73 7.22 
4306 4.54 I .7 6.69 

29 4 4 I) 

17393 4.83 I .94 7.08 
4862 4.89 I .93 7.11 
I I67 4.83 I .61 7 -62 
32033 5.49 I .81 7.21 
371 I 5.49 I .74 7.46 
4739 5.68 I .5 7.41 
23 6.84 , 2.08 7.08 

2925 6.11 I .05 7.29 
7478 4.% I .9 7.11 
939 7.07 I .42 7.76 

150 7.21 .86 * 8.15 
405 7.07 I .46 7.62 
4930 5.56 1.35 7.79 
7555 6.46 I .32 7.81 
238 .I 4 4 

209 6.21 1.58 - -7.5 
85 4 4 4 

4 4 4 4 

47 7.46 1.14. 7.54 

_- 

9.14 
8.21 
10.02 
9.93 

9.16 
9.94 
9.07 
10.25 
9.94 
10.3 
10.03 
9.31 
9.56 

IO.  19 
9.62 

4 

4 

4 

9.94 
9.93 

IO.  19 
10.03 
IO.  19 
9.8 
9.36 
9.39 

IO.  I 3  
10.03 
9.24 
9.62 
9.62 
9.94 

IO. 16 

'10.31 
4 

4 

7.96 
8.06 
8.51 
9.47 

8. I 3  
9.04 
8.4 
9.02 
8.62 
9.77 
9.02 
8.4 
8.88 
8.95 
8.4 

4 

4 

' 9.01 
9.04 
9.23 
9.02 
9.19 
8.91 
9.16 
8.34 
9.02 
9. I7 
8.68 
9.01 
9.08 
9.14 
9.2 

4 

- 9.08 - 

4 
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Table 0-2. con t inued .  

*an h a n  Mean Mo. wo. 
Species Wt'd Wt'd Wt'd of of Percentiles 
code lub Species Shannon Si tes  Fish 5 t h  IgR 25th 95th 25th 

70.001 
90.002 
40.006 
43.039 
01 .om 
43.023 
01.007 
40.018 
43.033 
80.007 
43.030 
80.001 
25.002 
43.043 
43.017 
43.041 
43.004 
80.005 
43.035 
43.020 
20.003 
74.001 
43.012 
43.015 
77.003 
77.006 
80.022 
43.006 
77.005 
43.044 
80.024 
77.01 I 
47.007 
43.032 
63.001 
80.004 
43.007 
80.015 
43.025 
43.031 
47.002 

8.53 
6-54  
8.54 
8.55 
8.59 
8 .59  
8.59 
8.6 
8.6 
8.64 
8.65 
8.68 
8.69 
8.69 
8.71 
8.72 
8.74 
8 .76  
8.82 
8.86 
8.86 
8.89 
8.9 
8.9 
8.94 
8.95 
8 .W 
8.97 
8.97 
8.98 
9 
9.01 
9.04 
9.04 
9.04 
9.m 
9.m 
9. I 
9.12 
9. I 3  
9. I 3  

35.2 
21.3 
46 
25.31 
20.4 
22.6 
20.38 
29.2 
20.39 
35 

36.5 
19.25 
26.6 
22.9 

27.33 
27 -6 
27.6 
35; 3 
29.5 

32.6 
29.8 
28.28 
32 
28.06 
38 
35.2 
27 
27.7 
32.9 
35.6 
32.3 
31 -89 
39. I 3  
28 
29.5 
28.2 
37.7 
36 

4 

4 

4 

2.45 
I .93 
2.5 
2.02 
2.01 
2.02 
2.02 
2.24 
I .74 
2.64 

2.3 
2.05 
2.04 
2.02 

2.28 
2.23 
2.27 
2.31 
2.21 

2.3 
2.12 
2.24 
2.31 
2.28 
2.46 
2.39 
2. I2  
2.22 
2.31 
2.3 
2.22 
2.. 2 
2.44 
2.43 
2.3 
2.2 
2.46 
2.44 

4 

4 

4 

13 
58 
I 

I14 
I O  
49 
I O  
39 
IO  
I 
I 
5 
6 

273 
16 
2 

23 
85 
27 
47 
92 

2 
33 
47 

I93 
14 

I 39 
I 

39 
234 
I49  
85 

4 
I I 7  
20 
5 
9 

I70 
195 
I 3  
52 

I44 
4547 

I 
6748 

659 
2027 
659 
230 

I520 
4 
7 
9 

258 
5881 I 

22 I 
17 

613 
1400 
I161 
404 I 
5639 

2 
360 

I335 
6567 

43 
5461 

I 
753 

3467 
6764 
9035 

22 
5238 
508 
56 

282 
I1059 
28068 
216 
3% 

7.05 
6.66 

6.64 
7.73 
6.9 
6.39 
7.46 

4 

4 

4 

4 

4 \  
4 

5.6 
6.04 
,4 

7.46 
7.21 
7.66 
7.07 
4 

4 

7.07 
7.03 
6.54 
8. I 3  
7.46 
4 .  

7.56 '_ 

5.49 
7.07 
7.03 
8.07 
6.65 
7.57 

7.46 
7.03 
6.25 
4.54 
6.86 

.77 

.92 

I .32 
.65 

I .23 
.87 

1.13 

4 

4 

4 

4 

4 

4 

1-61 
.95 

I .  19 

4 

.I9 

.3 

.24 

-91 
.48 
.22 
.72 

I .05 

.93 
I .58 
I .09 
I .05 
.08 
.2 
.93 

.2 
-27 
.3 
.7 
.4 

4 

8.46 
8.02 

8.06 
8.86 
7.55 
7.87 
8. I 3  

4 

4 

4 

4 

4 

7.46 
8.09 

7.89 
8.04 
8.42 
7.% 

4 

4 

4 

8.35 
7.89 
8.04 
8.54 
8.33 

8.58 
7.6 
8.22 
8.49 
9.16 
8.34 
8.39 

8.55 
8.06 
7.95 
8.54 
7.61 

4 

4 

10.3 
9.77 

10.25 
10.71 
9.47 
9.14 
9.67 

4 

4 

I, 

4 

4 

4 

10.03 
9.49 

9.61 
9.86 

IO.  3 
IO.  25 

4 

4 

4 

IO .  3 
10.25 
IO.  19 
9.66 

10.29 

10.3 
IO. 13 
10.29 
10.29 
9.24 

IO. 3 
9.67 

9.77 
10.25 
IO.  19 
9.51 
9.66 

4 

9.24 
8.94 

9.39 
9.51 
8.79 
8.74 
9.26 

4 

4 

4 

4 

4 

4 

9.06 
9.04 

9.08 ' 

9.23 
9.72 
9 .2  

4 

4 

9.26 
9.37 
9.26 
9.26 
9.39 

9.51 
9. I8 
9.31 
9.54 
9.24 
9.54 
9.31 

8.54 
9.33 
9.25 
9.24 
9.02 

4 

4 
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Mean Mean Mean No. No. 
Species Yt'd W'd  W'd of of Percenti les 
code I& Species Shannon Si tes  Fish 5 t h  IgR 25th 95th 25th 

80.013 
40.013 
43.008 
40.015 
40.008 
40.01 I 
43.024 
47.008 
01.003 
43.034 
80.020 
80.002 
80.01 I 
37 -004 
43.005 
43.021 
80.017 
77.004 
80.016 
80.019 
40.007 
10.004 
40.010 
1s.001 
43.022 
43. 
40.009 

9.14 
9.14 
9. I 5  
9 . 1 5 .  
9.16 
9.17 
9.18 
9.19 
9 .2  
9.25 
9.25 
9.26 
9.31 
9.31 
9.33 
9.33 
9.34 
9.34 
9.38 
9.39 
9.4 
9.46 
9.48 
9.5 
9.54 
9.72 
9.88 

44 
44 
38.4 
30. I 
35.5 
35.6 
27.34 
32 
45 
31.03 
39.02 
38.05 
33.3 
38 
31.2 
33. I 
33.5 
32. I 
34. I 
30.6 
35. I3 
39.5 
33.6 
35. 
33.4 
33.9 
35.02 

2.68 
2.67 
2.5 
2.3 
2.54 
2.5 
2. I 5  
2.4 
2.68 
2.31 
2.55 
2.71 
2.4 
2.57 
2.32 
2.44 
2.51 
2.39 
2.42 
2.61, 
2.56 
2.67 
2.44 
2.43 
2.41 
2.55 
2.49 

I 
I 
3 

181 
46 
19 
13 
88 
I 

I27 
3 
3 

I12 
I 

45 
73 
31 

.I 38 
94 

3 
2 
4 

136 
I 

65 
15 

59 

9 
2 

I 5  
I5829 
296 
242 

1860 
I I 3 3  

I 
I l 2 5 l  

83 
5 

I494 
I 

5649 
2101 
I794 
362 3 
4212 

51 
5 
8 

5522 
I 

6045 
29 

2108 

4 

4 

4 

7.46 
7.56 
7.82 
8.13 
7.07 

7.07 

I 

I 

4 

7.09 

7.59 
7.91 
7.59 
7.43 
7.28 

4 

4 

4 

I 

7.38 

7.59 
6 .63  
7.88 

4 

4 

4 

4 

1.13 
I .01 

.72 

.69 
1.16 

I .29 

I 

I 
\ 4 

1 . 1  

I .34 
I .06 
I .74 
I .07 
I .08 

4 

I 
I 

4 

1.12 

1 . 1 1  
I .36 
I .07 

4 

4 

4 

4 

8.16 
8.49 
8.52 
8.54 
8.38 

8.22 

I 

I 

4 

8.39 

8.46 
8.58 
8.38 
8.36 
8.46 

4 

t 
I 

I 

8.39 

8 . 5  
8.79 
8.86 

I 

I 

I 

I 

I O .  19 
10.3 
IO.  19 
9 . 8  

10.3 

10.29 

I 

I 

4 

10.3 

10.39 
10.31 
10.41 
10.29 
10.31 

I 

4i 

4 

I 

10.29 

10.31 
10.41 
10.39 

I 

4i 

I 

I 

9.29  
9 . 5  
9.24 
9 .23  
9.54 

9.51 

4 

I 

4 

9 .49  

9.8 
9.64 

I O .  13 
9 .43  
9.54 

I 

4 

4i 

4 

9 . 5  

9.61 
I O .  16 
9.93 

t 
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blue sucker, tonguetied mlnnow), and species requiring special habltat 
condltlons (e.g. blackchln shiner). Some specles In this group (e.g. crystal 
darter) fall into most of these categorles. 

The Intolerant deslgnatlon (Including "rare" and "special") Is predominated by 
minnow, sucker, catfish (madtoms), and darter species. Populations of many of 
these species have been negatively affected by environmental perturbations in 
Ohio (Trautman 1981). 

The moderately Intolerant deslgnatlon includes species which are comnonly 
observed.and strongly assoclated with healthy fish comnunlties, but are 
occasionally recorded from areas that are slightly degraded. Sucker, minnow, 
and darter species predomlnate this category. Two sunfish species appear in 
this grouping, the first appearance for this famlly In the classlflcatlon 
scheme. Intolerant and moderately Intolerant species are together considered 
as a broader group termed "sensitive". This designation replaces the 
Intolerant metric In the Headwaters version of the IBI. 

The largest grouping of Ohio fish specles is the lntTrmediate tolerance 
ranking. All gar, temperate basses, most pickerel, sunfish, and sculpln 
species fall into this classiflcatlon. All species for which adequate 
information was available and which did not display a tendency toward 
association with a hlgh or low Iwb, or environmental degradatlon were 
classified intermediate. Also, species which lacked any information, 
quantltative or otherwise are placed in this designation. 

The fewest species were classified as tolerant and moderately tolerant. 
species are designated moderately tolerant and include those which can 
maintain viable populatlons in highly degraded areas. Thirteen species are 
consldered tolerant because they have the ability to survive and even prosper 
in areas of slgnlflcant environmental stress. 

Seven 

In general the more intolerant a species, the more specialized is Its feeding 
behavior. In contrast tolerant and mod,erately tolerant species show feeding 
plasticity and are either omnivores or generalist feeders (1.e. they can 
change feeding strqtegy with changing environmental conditions). 
can also be made wlth spawning behavior. Intolerant species tend to exhibit 
less parental care and generally spawn in the sands and gravels of riffle 
habitats (+.e. simple llthophillc spawners). Tolerant species display nest 
guarding behavior, have adhesive eggs which adhere to objects, pelagic eggs 
that drlft, or lay their eggs on the undersides of submerged objects. 

Dlstinctions 

8-7 
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0 

0 
8 

. 
Tolerant 

f 

a II 

- . . . . . . . - 

Moderately Tolerant 

Figure B-1. Box-and-whlsker plots showlng the maximum.,. mlnumum, 25th and- ; 
75th percentile, median, and outller I& values (welghted f o r  
relatlve abundance) for specles designated as tolerant and 
moderately Intolerant. 

':-. 



Doc. 001 7e/0402E . Users Manual October 30, 1987 

Procedure No. UQHA-SUS-6 Date Issued '11/02/87 
Revision No. 1 ' f f f e c t l v e  11/02/87 

a a 

a 
a 

a 

' -  

Inter mediate Tolerance 

F i g u r e  8-2. Box-and-whlsker p l o t s  showing the maxlmum, mlnumum, 25th and 
7 5 t h  p e r c e n t i l e ,  median, and o u t l i e r  Iub values (uelghted f o r  
r e l a t i v e  abundance) f o r  specles designated as in termedla te  i n  
t h e i r  t o l e r a n c e .  
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- 

b 
b 

b 

b b 

0 

b b 
0 .  

Moderately Intolerant 

Figure 8-3. Box-and-whisker plots showing the max_1mum,-minumum, 25th and 
75th percentile, median, and outlier Irb values (weighted for 
relative abundance) for species designated as intolerant and 
moderately Intolerant. 
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Table 6-3. Designation of Ohio fish species for the purposes o f  the Index o f  
Biotic Integrity, the Modified Index of Well-Being (Iyb), and 
the Fish Information System (FINS) .  Explanation of column 
headings appears at the end of the table. 

F I N S  Spc Feed IBI R i v  Brd Hab 
Code Species Grp Guild' TOL Grp Size Gld Pref Fami 1 y 

01 001 
01 002 
01 003 
01 004 
01 005 
01 006 
01 007 
04001 
08001 
08002 
10001 
10002 
10003 
10004 
15001 
18001 
18002 
20001 
20002 
20003 
20004 
25001 
25002 
25003 
25004 
25005 
25006 
25007 
25008 
30001 
34001 
37001 
37002 
37003 
37004 
37005 
37006 
40001 
40002 
40003 

Silver lamprey 
Northern brook lamprey 
Ohio lamprey. 
Mountain brook lamprey 
Sea lamprey 
Least brook lamprey 
American brook lamprey 
Paddlefish 
Lake sturgeon 
Shovelnose sturgeon 
A1 1 igator gar 
Shortnose gar 
Spotted gar 
Longnose gar 
Bowf i n 
60 1 de ye 
Hooneye 
Skipjack herring 
Alewlfe 
Gizzard shad 
Threadfin shad 
Brown trout 
Rainbow trout 
Brook trout 
Lake trout 
Coho salmon 
Chinook salmon 
Clsco or Lake Herrlng 
Lake whitefish 
Rainbow smelt 
Central mudminnow 
Grass plckerel 
Chain pickerel 
Northern pike 
Huskellunge 
N. Pike x Huskellunge 
Grass P. x Chain P. 
Blue sucker 
Bigmouth buffalo 
Black buffalo 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
L 
L 
L 
L 
0 
w 
W 
w 
0 

GS 
GS 
SA 
SA 
SA 
SA 
SA 
SA 
WF 
WF 
0 
T 
P 
P 
P 
P 
P 
P 
R 

' c  
C 

P 
F 
P 
F 
P 
F 
F 
F 
V 
I 
P 
P 
P 
P 
P 
I 
I 
P 

0 
0 

- 

- 
- 
- 
P - 
- 
- 
V 

I 
P 
P 
P 
P 
P 
P 
I 
I 
I 

- 

N 
N 
N 
N 
N 
N 
N 
S 
S 
S 
M 
M 
M 
M 
C 
M 
M 
M 
M 
H 
M 
N 
N 
N 
N 
N 
N 
M 
H 
M 
C 
H 
H 
H 
H - 
- 
S 
M 
H 

B 
P 
B 
P 
B 
P 
P 
B 
8 
P 
P 
P 
P 
P 
P 
B 
B 
0 
P 
P 
P 
B 
B 
B 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P - 
- 
R 
P 
P 

Petromyzontidat 
Petromyzontidaf 
Petromyzontidaf 
Petromyzontidat 
Petromyzontidac 
Petromyzontldac 
Petromyzontidac 
Polyodontidae 
Acipenseridae 
Aclpenseridae 
Lepisosteidae 
Lepisosteidae 
Lepisosteidae 
Lepisosteidae 
Ami idae 
Hi odon t idae 
Hlodontidae 
Clupeidae 
C1 upei dae 
C1 upei dae 
C 1 upei dae 
Salmonidae 
Salmonidae 
Salmonidae 
Sa 1 mon 1 da e 
Salmonidae 
Salmonidae 
Salmonidae 
Salmonidae 
Osmeridae 
Umbridae . 
Esocidae 
Esoc i dae 
Esoc idae 
Esocidae 
Esoc i dae 
Esoc idae 
Catostomldae 
Catostomidae 
Catostomidae 
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Table 8-3. (continued) 

FINS 
Code 

40004 
40005 
40006 
40007 
40008 
40009 
4001 0 
4001 1 
4001 2 
4001 3 
4001 4 
4001 5 
4001 6 
4001 7 
4001 8 
4001 9 
40020 
43001 
43002 
43003 
43004 
43005 ~ 

43006 
43001 
43008 
43009 
4301 0 
4301 1 
4301 2 
4301 3 
4301 4 
4301 5 
4301 6 
4301 1 
4301 8 
4301 9 
43020 
43021 
43022 
43023 
43024 
43025 
43026 

Spc Feed 
Spec i es Grp Guild 

_. 

Smallmouth buffalo C I  
Quillback c o  
River carpsucker c o  
Highfln carpsucker c o  
Silver redhorse R I 
Black redhorse R I 
Golden redhorse R I 
Shorthead redhorse R I 
Greater redhorse R 1 
River redhorse. R I 
Harelip sucker R -  
Northern hog sucker R I 
White sucker R O  
Longnose sucker R I  
Spotted sucker R I 
Lake chubsucker R I  
Creek chubsucker"\ R I  
Comnon carp G O  
Goldf Ish G O  
Golden shiner N I 
Hornyhead chub M I  
River chub ' M  I 
Silver chub M I  
Bigeye chub M I 
Streamline chub M I 
Gravel chub M I  
Speckled chub M I  
Blacknose dace M G  
Longnose dace M I  
Creek chub M G  
Tonquetied minnow M I  
Suckermouth minnow M I  
Southern redbelly dace M H  
Redside dace M I  
Rosyside dace M I  
Pugnose minnow N I  
Emerald shiner N I 
Sllver shiner N I  
Rosyface shiner N I  
Redfin shiner . N  I 
Rosefin shiner N I 
Striped shiner N I 
Comnon shiner N I 

TOL 

- 
M 
I 
n 

IBI  
Grp 

R i v  Brd Hab 
Size Gld Pref Fami 1 y 

L M  P Catostomidae 
- M P Catostomidae 
L M P Catostomidae 
L M  P Catostomidae 
- S P Catostomidae 
- s  P ktostomidae 
- S P Catostomidae 

M R  - S P  
R R -  S P  
I R - s  P 
S R - S P  
M R, - S R  
T W -  S B  
- R -  S P 
- R -  S P 
- R - M P  
- R p M .  P 
T G - M P  
T G - M P  

Catostomidae 
Cat o s t omi d a e 
Catostomidae 
Catostomidae 
Catostomidae 
Catostomidae 
Ca tos tomi dae 
Catostomidae 
Catostomidae 
Catostomidae 
Cyprinidae 
Cyprinidae 

.I 7 

-. 

T N - W P Cyprinidae 
I N - N B Q p r i n i d ae 
I N  - N B Cyprinidae 
- N L M P Cyprinidae 
I N -  S R Cyprinidae 
R N  L S R Cyprinidae 
M N  L S R Cyprinidae 
S N  L M R Cyprinidae 
T N H S R Q-prinidae 
R N - S R Cyprinidae 
T N P N B Cyprinidae 
S N -  N P Cyprinidae 
- N - S R Cyprinidae 
- N H S B Cyprinidae 
I N H S P Cyprinidae 
S N H S P Cyprinidae 
R N - M P Cyprinidae 
- N - S P Cyprinidae 
I N -  S P Cyprinidae 
I N - S R Cyprinidae 
- N -: N P Cyprinldae 
M N -  S P Cyprinidae 
- N -  S B Cyprinidae 
- N - S P Cyprinidae 

, .  
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Table 8-3. (continued) 

F I N S  Spc Feed 161 Rlv Brd Hab 
Code Species Grp Guild TOL Grp Size Gld Pref Family 

43027 Rlver shlner 
43028 1 SDottall shlner 
43029 
4 3030 
43031 
43032 
4 3033 
43034 
43035 
43036 
43037 
43038 
43039 
43040 
43041 
43042 
43043 
4 304 4 
43045  
4 304 6 
4 304 7 
43048 
43049 
43057 
43058 
43059 
43999 
47001 
47002 
47003 
47004 
47005 
47006 
4 7 007 
47008 
47009 

Biackchin shiner 
Bigeye shiner 
Steelcolor shiner 
Spotfin shlner 
Biqmouth shiner 
Sand shiner 
Mimic shiner 
Ghost shiner 
Blacknose shiner 
Pugnose shlner 
Silverjaw minnow 
Misslsslppl sllvery mlnnow 
Bull head mi nnow 
Fathead minnow 
Bluntnose minnow 
Central stoneroller 
Comnon carp x Goldflsh 
Popeye shiner 
Grass carp 
Red shlner 
Comnon x Rosyface Shlner 
Striped shiner/Stoneroller 
Comnon shlner/Stoneroller 
Strlped shiner/Horny chub 
Hybrld Minnow 
Blue catfish 
Channel catflsh 
Whlte catfish 
Yellow bullhead 
Brown bull head 
Black bullhead 
Flathead catfish 
Stoneca t 
Hountaln madtom 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
M 
M 
N 
M 
M 
M 
G 
N 
G 
N 
N 

M 
M 
M 
F 
F 
F 
F 
F 
F 
F 
0 
0 

n 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
H 
0 
0 
0 
H 
0 
I 

I 
I 

- 

- 
- 
I 

C 

I 
I 
I 
I 
P 
1 
I 

- 

- 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
G 
N 
E 
E 

N‘ 

- 

S 
M 
M 
S 
M 
M 

M 
M 
M 
M 
M 
M 
M 
C 
C 
C 
N 

S 
H 
N 

n 

- 

- 
- 
- 
- 
- 
C 
C 
C 
C 
C 
C 
C 
C 
C 

P 
P 
P 
8 
P 
B 
B 
B 
B 
P 
P 
P 
B 
P 
P 
B 
B 
0 

P 
8 
P 

- 

- 
- 
- 
- 
- 
P 
P 
P 
P 
P 
P 
B 
R 
R 

Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprl nidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Cypr i ndae 
Cyprinidae 
Cyprinidae 
Cyprinidae 
Ictaluridae 
Ictalurldae 
Ictalurldae 
Ictaluridae 
Ictaluridae 
Ictaluridae 
Ic ta 1 uridae 
Ictaluridae 
Ictaluridae 

- 
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Table 6-3. (continued) 

FINS Spc Feed IBI R i v  Brd Hab 
Code Species Grp Guild TOL Grp Size Gld Pref Family 

47011 Scloto madtom 0 I s -  - C R Ictaluridae 
47012 Brlndled madtom 0 I I - - C B Ictaluridae 
47013 Tadpole madtom 0 I - - - C B Ictaluridae 
50001 American eel 0 c -  - - M P Anquillidae 
54000 Western Banded killifish T I S -  - M P Cyprinodontidae 
54001 Eastern Banded killifish T I T  E -  M P Cyprinodontidae 

47010 Northern madtom 0 I R - - C R Ictaluridae 

54002 Blackstripe topminnow T I - - - H P Cyprinodontidae 
57001 Mosquitofish 0 I - E - N P Poeciliidae 
60001 Burbot 0 - - - - S B Gadidae 
63001 Trout-perch 0 I - - - M  P ~ Percopsidae 
68001 Pirate perch 0 I - - - M P Aphredoderidae 

\ 

70001 Brook silverside 0 I M -  - M  P Atherinidae 
74001 White bass w P -  F L M P Perclchthyidae 
74002 Striped bass W P -  E -  H P Percichthyidae 

74005 Striped bass x White bass W - - E -  - - Perclchthyldae 

74003 White perch W - - E -  M P Percichthyidae 
74004 White bass x White perch W - - - - - - Percichthyidae 

77001 White crappie B - - s -  C P Centrarchidae 
77002 Black crappie B - - s -  C P Centrarchidae 
77003 Rock bass B C - s - c  P Centrarchidae 
77004 Smallmouth bass B C H F  - C P Centrarchidae 
77005 Spotted bass B c -  F - C P Centrarchidae 
77006 Largemouth bass B c -  F - C P Centrarchidae 
77007 Warmouth S c - s -  C P Centrarchidae 
77008 Green sunfish S I T S P C  P Centrarchidae 
77009 Bluegill S I P S -  C P Centrarchidae 
77010 Orangespotted sunfish S I - s - c  P Centrarchidae 
7701 1 Longear sunf ish S I M S - C  P Centrarchidae 
7701 2 Redear sunf 1 sh S I - E -  C P Centrarchldae 
7701 3 Pumpkinseed S I P S -  C P Centrarchidae 
77014 61uegill x Pumpkinseed S - - - - - Centrarchidae 
77015 Green x Bluegill S - - - - - Centrarchidae 

S - - - - - Centrarchidae 77016 Green x Pumpkinseed 
77017 Longear x Bluegill S - - - - - -' Centrarchidae 

77019 Green x Orangespotted S - - - - - - Centrarchidae 

- - - - - - Centrarchidae 
- - Centrarchidae 

77018 Bluegill x Orangespotted S - - - - - Centrarchidae 

77020 Pumpklnseed x Longear S - - - - - - Centrarchidae 
77021 Green x Longear S 

77024 Green x Warmouth S - - - - - - Centrarchidae 

- - - -- - -77022 - 0'-spotted x-Pumpkinseed. - - S- _ _  - - _ _  ___. _ -  I_ - - ~- 

77023 Longear x Orangespotted S - - - - - - Centrarchfdae - I- 

77025 Warmouth x Pumpkinseed S - - - - - - Centrarchldae 
- . . ,  



Doc. 0051e/0000E Users Manual October 30, 1987 

Procedure No. WOMA-SWS-6 Date Issued 11/02/87 
R e v i s i o n  No. 1 'I E f f e c t i v e  11/02/87 

T a b l e  8-3. ( c o n t i n u e d )  

F I N S  . Spc Feed IBI R i v  B r d  Hab 
Code SDecies G r D  G u i l d  TOL G r D  S i z e  Gld P re f  Fami 1 Y 

77998 
7 7999 
80001 
80002 
80003 
80004 
80005 
80006 
80007 
80008 
80009 
8001 0 
8001 1 
8001 2 
8001 3 
8001 4 
8001 5 
8001 6 
8001 1 
8001 8 
8001 9 
80020 
80021 
80022 
80023 
80024 
80025 
80026 
85001 
90001 
90002 
90003 
90004 
95001 

Green S u n f i s h  H y b r i d  
H y b r i d  S u n f i s h  
Sauger 
Wa 1 1 eye 
Y e l l o w  p e r c h  
Dusky d a r t e r  
B l a c k s i d e  d a r t e r  
Longhead d a r t e r  
Slenderhead d a r t e r  
R i v e r  d a r t e r  
Channel d a r t e r  
G i l t  d a r t e r  
Loqperch 
C r y s t a l  d a r t e r  
E a s t e r n  sand d a r t e r  
Johnny d a r t e r  
Greenside d a r t e r  
Banded d a r t e r  
V a r i e g a t e  d a r t e r  
S p o t t e d  d a r t e r  
B l u e b r e a s t  d a r t e r  
l l p p e c a n o e  d a r t e r  
Iowa d a r t e r  
Rainbow d a r t e r  
Orange th roa t  d a r t e r  
f a n t a i l  d a r t e r  
L e a s t  d a r t e r  
Sauger x Wa l leye  
Freshwater  drum 
Spoonhead s c u l p i n  
M o t t l e d  s c u l p i n  
Sl l rny s c u l p l n  
Deepwater s c u l p i n  
Brook s t i c k l e b a c k  

S 
S 
V 
V 
V 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
0 
D 
0 
D 
D 
D 
V 
F 

sc 
sc 
sc 
sc 
0 

- 
- 
P 
P 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
P 

- 

- 
- 
1 - 
- 
I 

- 
- 
S 
S 
n 

' S  
S 
S 
S 
S 
S 
S 
S 
S 
S 
C 
S 
S 
S 
S 
S 
S 
M 
S 
S 
.C 
N 

M 
C 
C 

- 

- 
- 
C 

- 
- 
P 
P 
P 
B 
B 
R 
R 
R 
P 
B 
B 
R 
R 
B 
R 
R '  
R 
R 
R 
R 
P 
R 
B 
R 
B 

P 
P 
R 

- 

- 
- 
P .  

Cen t ra rch idae  
Centra r c  h idae  
Perc 1 dae 
Per c I dae 
Perc idae 
Perc idae 
Perc idae 
P e r c  i d a e  
Perc idae 
-. Perc 1 dae 
Perc idae 
Perc 1 dae 
Perc ldae 
Perc 1 dae 
Perc idae 
Perc ldae 
Perc i dae 
- Perc ldae 
Pe r c  1 da e 
Perc i d a e  
Perc ldae  
Perc idae 
Perc ldae 
Perc idae 
Perc idae 
Perc idae 
Perc i d a e  
Perc idae 
Sciaenidae 
Cot t 1 dae 
Cot t 1 dae 
C o t t l d a e  
C o t t l d a e  
Gas te ros te ldae  

-.. - 

6-1 5 . .  
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Table 8-3. (continued) 

SPCLST - Legend for Species Designations 

The following letter symbol designations are used to classify Ohio fish 
species according to their taxonomic, functional, structural, pollution 
tolerance-, and ecological characteristics. These designations provide the 
basis for the Fish Information System (FINS) to calculate metrics for the 
Index of Biotic Integrity (FINIBI) and the Modified Index of Well-Being 
(FINLS2) as well as other uses. 

SPC GRP (Svecies Groupla 

0 - Other 
L - Gars 
W - Large River Species 
GS - Gizzard Shad 
SA .- Salmonid 
WF - Whitefish 
T - Tolerant 
P - Pickerels 
R - Round-bodied Suckers 
C - Deep-bodied Suckers 
G - Carp/Goldfish 
N - Shiners 
H - Minnows 
F - Catfish, Drum 
B - Blackbass, Crappie 
S - Sunfish 
V - Non-darter Percidae 
D - Darters 
SC - Sculpins 

FEED GUILD ( Feedinq Gut ldlb 

P - Piscivore 
F - Filter Feeder 
V - Invertivore 
I - Specialist Insectivore 
0 - Omnivore 
G - Generalist \ 

H - Herbivore 
C - Carnivore 

TOL (Pollution Tolerance) 

IBI GRP (IBI Group)b 

E - Exotic (non-native) 
F - Sport Species 
R - Round-bodied Sucker 
C - Deep-bodied Sucker 
W - White sucker 
G - Carp/Goldfish 
N - Cyprinidae 
S - Sunfish (less 

D - Darters 
Blackbasses) 

R - Rare Intolerant 
S - Special Intolerant 
I - Comnon Intolerant 
M - Moderately Intolerant 
T - Highly Tolerant 
P - Moderately Tolerant 

BRD GLD (Breedinq GuildIc 

N - Complex, no parental 

C - Complex with parental 
M - Simple, miscellaneous 
S - Simple qithophils 

care 

care 

R I V  SIZ' (River Size) 

L - Large River Species 
H - Headwaters Species 
P - Pioneering Species 

HAB PRF (Habitat Pref .)c 

P - prefers pools 
R - prefers riffles 
B - prefers both 

. -  

a these designations are not for use in any FINS analytical programs. 
designations are patterned after Karr et al. (7986). 
designations are patterned after Berkman and Rabeni (1987). 

8-16 
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Appendix C-1: Modified Index of Well-Being (I&) 

A Hodlfication of the Index of Well-Being 
for Evaluating Fish Comnunities 

Chris Yoder 

Ohio €PA, Division of Water Quality Monitoring and Assessment 
Surface Water Section 

1030 Klng Avenue 
Columbus, Ohio 4321 2 

Introduc ti on 

The Index o f  well-being ( I y b ) ,  or composite index, was developed by Gamnon 
(1976) to evaluate the response of rlverine fish cornunities to environmental 
stress. This Index was first tested using data from the Wabash Rtver i n  
Indiana (Gamnon 1976; Gamnon et a. 1981) and subsequently from other rivers 
in Indiana, Ohio (Yoder et al. 7981; Gamnon 1980). and Oregon (Hughes and 
Gamnon 1987). Since 1979 the Ohio €PA has used the composite index to 
evaluate electrofishing data from nearly 2000 locations throughout Ohio. 
These Included a wide range of stream and river types from the smaller 
headwater streams to the Ohio River. Study areas Included a wide range of 
chemical and physical perturbations. Sampling methods used are described I n  
more detail elsewhere (Ohio EPA 1987a). 

Index of Well-Being 

The Iwb incorporates four measures of fish cornunities that have 
traditionally been used .separately: numbers of individuals, biomass, and the 
Shannon diverslty index (H) based on numbers and weight. The computational 
formulas for the Iwb and Shannon index are given in Table 1.  Relative 
abundance (numbers and weight) data, are derlved from pulsed D.C. 
electrofishing catches where sampling effort Is based on distance rather than 
time (Gamnon 1976). Ohio €PA bases relative abundance on a per kilometer 
basis for boat methods and on a 0.3 kilometer basis for wading methods (Ohio 
€PA 1987a). 

The individual performance of numbers, biomass, and the Shannon index as 
consistent indicators of environmental stress In fish cornunities has been 
disappointing. However, when combined in the Iwb these individual comnunlty 
attributes work In a complimentary manner. For example an increase in total 
numbers and/or biomass caused by one or two predominant species is usually 
offset by a corresponding decline In the Shannon index. In addition the 
log, transformation of the numbers and biomass components acts to reduce 
much of their inherent variability. Gamnon (1976) found the individual 
variability of each of the four Iwb components to range from 20-SOX, yet the 
variabllity f o r  the Iub was approximately 7%. 

Htgh numbers and/or biomass Is usually perceived as a positive attribute of a 
fish comnunity. This should result In a high Iwb provided a relative 

c-2 
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Table 1. Computational formula for the index of well-being and the Shannon 
diversity Index. 

Composite Index 

where; 
N = relatlve numbers of all specles -~ 

- 6 = relative welght o f  all specles 
- ti (no.) = Shannon Index based on relattve numbers 
H'(ut.) = Shannon index based on relative weight 

' 

Shannon Dlverslty Index 

where; 
n l  = relative numbers or weight of the ith species 
N = total number or welght of the sample 

. .  

.hz 
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.evenness' I s  mainta ined between the  abundance o f  the  comnon species. 
However, t h i s  i s  n o t  i n v a r i a b l e ,  p a r t i c u l a r l y  w i t h  environmental pe r tu rba t j ons  
which tend t o  r e s t r u c t u r e  f i s h  comnunit ies w i thou t  l a r g e  decreases i n  
d i v e r s i t y  (e.9. n u t r i e n t  enrichment, h a b i t a t  m o d i f i c a t i o n ) .  For example, we 
have observed f i s h  comnunit ies i n  h i g h l y  mod i f ied  streams t h a t  have very h igh  
numbers, biomass, and moderate species r ichness.  Such comnunit ies a re  
predominated by species t o l e r a n t  t o  these d is turbances.  Species t h a t  a re  
i n t o l e r a n t  t o  such d is turbances e i t h e r  d e c l i n e  i n  abundance or  a re  e l im ina ted  
a l t o g e t h e r .  The n e t  inc rease i n  the  r e l a t i v e  abundance o f  t he  t o l e r a n t  
spec ies w i t h  on l y  modest dec l i nes  I n  species r ichness y i e l d s  a h igh  I& 
va lue .  The Increased abundance o f  t o l e r a n t  species I s  no t  s u f f i c j e n t l y  o f f s e t  
by  t h e  Shannon i n d i c e s  because species r ichness i s  n o t  equa l l y  in f luenced.  
The o v e r a l l  r e s u l t  i s  an Iwb eva lua t i on  t h a t  i s  n o t  r e f l e c t i v e  o f  the  ac tua l  
response o f  t h e  comnunity t o  these types o f  degradat ion.  I n  f a c t  I& values 
a t  some d i s t u r b e d  s i t e s  equaled or  exceeded those measured a t  re ference o r  
l e a s t  impacted s i t e s .  

M o d i f i e d  Index o f  Wel l -Being 

Severa l  m o d i f i c a t i o n s  o f  t he  Iwb were attempted t o  c o r r e c t  t h e  problem o f  
r e l a t i v e l y  h i g h  scores a t  degraded s i t e s .  These inc luded t h e  complete 
e l i m i n a t i o n  o f  predominant species f rom the  index c a l c u l a t i o n ,  s e l e c t i v e  
e l i m i n a t i o n  o f  species based on t h e i r  predominance, and a d i f f e r e n t  we igh t ing  
o f  t h e  numbers component o f  t h e  I&. None o f  these mod i f i ca t i ons  worked i n  
a c o n s i s t e n t  manner. The problem w i t h  a t o t a l  e l i m i n a t i o n  o f  predominant 
spec ies  i s  t h a t  t h e i r  presence i s  n o t  considered and I t  i s  d i f f i c u l t  t o  apply  
c o n s i s t e n t l y .  

E c o l o g i c a l l y  t h e  problem i s  t h a t  o f  a predominance and h igh  abundance o f  
spec les  t o l e r a n t  t o  t h e  environmental  degradat ion t h a t  we a re  a t tempt ing  t o  
'masure.  To le ran t  species a r e  the  l a s t  t o  disappear under the i n f l u e n c e  of 
inc reased environmental  degradat ion  o r  those t h a t  respond favorab ly  t o  a 
r a d i c a l  change i n  the  p h y s i c a l  o r  chemical q u a l i t y  o f  t he  environment. Thus 
t h e i r  u n i f o r m  e l i m i n a t i o n  f rom the  numbers and biomass components o f  the Tub 
was at tempted. Ohio EPA has designated a l l  f i s h  species known t o  occur i n  
Ohio as h i g h l y  t o l e r a n t ,  moderately t 'o lerant,  in termediate,  moderately 
I n t o l e r a n t ,  o r  h i g h l y  i n t o l e r a n t  (Thoma e t  a l .  1987). This was accomplished 
by examining a la rge ,  s ta tewide  data base t h a t  inc ludes  da ta  f rom near l y  2000 
s i t e s  and a wide range o f  environmental  cond i t ions .  Whi le most at tempts t o  
des igna te  species to le rance  r e l y  most ly  on the  e x i s t i n g  techn ica l  l i t e r a t u r e  
and r e g i o n a l  f i s h  re fe rence t e x t s ,  t h e  Ohio €PA method I s  based on d i r e c t  
obse rva t i ons  o f  species response i n  t h e  f i e l d .  T h i s  requ i res  a comprehensive 
d a t a  base and should be supplemented by i n fo rma t ion  f rom the  techn ica l  
l i t e r a t u r e  when necessary. 

The m o d i f i e d  Iub r e t a i n s  t h e  same computat ional  formula as t h e  convent ional  
Irk developed by Gamnon (1976). 
t o l e r a n t  speci-es. exo t i cs ,  and hyb r ids  a re  e l im ina ted  from t h e  numbers and 
biomass components o f  t h e  I d .  However, t he  t o l e r a n t  and e x o t i c  species a re  
I n c l u d e d  i n  t h e  two Shannon index  c a l c u l a t i o n s .  This  m o d i f i c a t i o n  e l im ina tes  
t h e  .undesired' e f f e c t  caused by h i g h  abundance o f  t o l e r a n t  species, bu t  

The d i f f e r e n c e  i s  t h a t  any o f  13 h i g h l y  
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retains their 'desired" influence oh the Shannon Indices. To Illustrate the 
effect of this modification several comparisons were made between key fish 
cornunity attributes, the modified Iwb, and the conventional Iwb. In 
addition results from different streams and rivers subjected to different 
types and varying levels of environmental degradation (both chemical and 
physical) demonstrate the influence that this modification has on an 
evaluation of fish cornunity health and well-being. 
separately for.boat electroflshing and wading methods. 

The comparisons were made 

Modified Iwb and Oriqinal Iwb 

Comparisons of the behavior of the modified Ia and original Ia were made 
using data from 912 boat electrofishing locations sampled between 1979-1986 
and more than 972 locations sampled with wading methods between 1983-1986. 
These data sets were used to compare the modified Iwb with the original I& 
(Fig. 1 ) .  the difference between the modified Iub and original Iwb with the 
modified I a  (Fig. 2), the percent by number of tolerant species with the 
modified I& and the original I& for boat (Fig. 3) and wading (Fig. 4) 
methods. The Iwb is an 'open ended" index in that it has no real upper 
limit. However, actual observations from over 2000 sites in Ohio show that 
Iwb values rarely exceed 10. Values above 8 and cert'ainly 9 are generally 
regarded as being representative of healthy, unimpacted fish comnunities. The 
cornparison of the modified and original Iub shows a close agreement at the 
sites which score above 10, but an increasing departure as Iub scores 
decline (Fig. 1). The patterns are similar for boat and wading methods. This 
relationship Is also demonstrated In the comparison of the Iwb difference 
with the modified Iwb (Fig. 2). The difference between the original and 
modified la values increases as the modified Iwb decreases. 

The relationship of th.e percent by numbers of tolerant species with the 
modified and original I& was also examined (Figs. 3 and 4). A curve of 
best fit that approximates a 95% line was drawn on the comparlsons with the 
modified Id. As the percent of tolerant species increases the modified 
Iwb decreases. This relationship i s  lacking ulth the original Iwb, a 
result of the previously described problem of high numbers of to,lerant species 
Inflating the original Iwb values. The 95% curve was superimposed on the 
comparisons with the original Iwb. The result Is that many polnts lie above 
and to the right of the 95% line in the comparisons with the original I&. 
This means that the original Iwb can score high when the environment is 
adversely affected by certain types of physical and chemical degradation that 
result in a predominance of tolerant species. The result can be an incorrect 
evaluation of flsh comnunity condition. The treatment of tolerant species in 
the modified I& greatly reduces this problem and results in a consistently 
more accurate evaluation. 

SDeclfic Applications 

The utility of  any Index, biological or otherwise, is in how consistently it 
reacts to change either positive o r  negative. A signlflcant shortc-oming of- 
the original Iwb is In its inability to adequately characterize degraded 
comnunities where an environmental stress results In a restructured cornunity 

c - 5  
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Figure 1. Comparison of the original Iwb with the modified Iwb at boat 
electrofishing locations sampled between 1979-1986 (top) and 
locations sampled with wading methods between 1983-1986 (bottom). 
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with high numbers and/or weight of tolerant species. Table 2 shows the 
results of fish sampling at selected sites that are affected b y  a variety of 
environmental stresses including habitat modification, organic enrichment, and 
toxic chemicals. Sites that represent relatively unimpacted situations are 
included for comparlson. The differences between the modified and original 
lwb are Impressive, ranging from 1.0 to more than 3.0 Iwb units at the 
degraded sites. The difference at the relatively unimpacted sites is 
negligible being less than 0.1-0.S Iwb units. 

lth results from a recent electrofishing survey of the Ottawa River in 
northwestern Ohio are depicted In Figure 5. The original Iwb, modified 
I&, and the difference between each show that the largest differences occur 
downstream from the variety of environmental stresses that exist in this study 
area. lnfluences include raw sewage and urban runoff from combined sewer 
overflows, domestic wastewater from a sewage treatment plant with industrial 
contributors. effluent from an oil refinery, and effluent from an agricultural 
chemicals plant, and habitat modiflcatlon resulting from several small 
impoundments. Ohio EPA uses a tiered classification system based on the Iwb 
to rate sites as exceptional, good, fair, poor, and very poor (Table 3). The 
exceptional and good ratings reflect full attainment of the Clean Water Act 
goal of biological integrity. Evaluation of impacted sites on the Ottawa 
River (Fig. 5) change from good to fair, fair to poor, or poor to very poor 
when the modified Iwb is used. Although the rating of the relatively 
unlmpacted upstream site and the downstream recovery site appear to change 
from exceptional to good their original ratings were good because they did not 
meet all of the criteria for exceptional. In addition the difference between 
the original and modified lwb at these two sites was the smallest in the 
study area. 

Modified Iwb 

The examples and analyses presented show that the modified Iub is a 
consistent and sensitive Index to a wide range of environmental stresses. The 
elimination of any of 14 highly tolerant species from the numbers and biomass 
components of the lwb achieves this desired result and resolves a 
significant shortcoming of the original lwb. Biological indices are most 
useful when they score consistently and are sensitive to a wide variety of 
environmental stresses, both chemical and physical. The modified lwb 
achieves these objectives. 
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T a b l e  3. Conceptual  response o f  f l s h  c o r n u n i t y  s t r u c t u r a l  and f u n c t i o n a l  
a t t r i b u t e s  as p o r t r a y e d  by m o d i f i e d  Index o f  Wel l -Being ( I & ) .  
N a r r a t i v e  d e s c r l p t i o n s  o f  f i s h  c o r n u n i t y  c o n d i t i o n  f o r  good, f a i r ,  
poor ,  and ,very  poor ranges a r e  i n d i c a t e d .  
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D-1: Background 

It is of critical importance in biological monitoring to collect a Consistent 
and reproducible sample. To assess degradation there must be knowledge of the 
variability of samples to determine the most valid means of detecting 
significant differences In comnunities among sites in a study. variation can 
be divided into sampling variation (i.e., error) and true variation between 
sites and sampling times. Ideally, we wish to minimize our sampling error and 
maximize our ability to detect true differences (In the means and variance of 
index values) among sampling sites and sampling passes. Further, we need to 
be able to distinguish between natural variation and "anthropogenic" sources 
(1.e.. pollution) of variation In our data. A prerequisite for determlnlng 
the precision o f  an index or method is a demonstration of the accuracy and 
relevance of the procedures; this was accomplished In the main document and 
other appendices (especially appendix C ) .  

0-2: Fish 

The probability of determining a difference in Iwb or 161 scores is related to 
changes In the location of means and the variability of the data between 
sampling passes at a site. The greater the sample size the more confident we 
are in our estimate of comnunity Integrity (1.e.. mean Index value) at a 
site. However, it is impractical and unnecessary to sample a location 10-20 
times In order to 'increase" our confidence in an estimate. Instead we can 
use past sampling efforts to create an empirical estipate of how large 
differences between index values need to be for significant differences to be 
discerned. 

Two types of data were examined to estimate normal "background" variation and 
the magnitude of differences necessary to detect true changes in comnunity 
integrity: data from a large number of different streams and test zone data 
that consisted of repeat sampling o f  the same stream reaches. We examlned 
several hundred sites sampled with wading methods and found that the Iwb from 
individual samples deviated less that 20.4 Iwb units from the mean (>9.0, 
sites with three passes) at a site about 75% of the time. The maximum 
deviation observed was about 0.75 Iwb units (Fig. D-1; Panel A). For boat 
methods deviattons were 0.5 and about 0.95, respectively (Fig. 0-1; Panel 6). 
Only slightly more variability was observed down to an Iwb of 7.0 for wading 
methods (Fig 0-1; Panel A )  and 8.0 for boat methods (Fig 0-1; Panel 6 ) .  Below 
these values the range of variability increased markedly, reflecting the 
addition o f  anthropomorphic sources of variability. 

Test tone data from a relatively unimpacted site on Little Darby Creek also 

segments plotted by segment and date, respectively. Scores are remarkably 
consistent, especlally considering that the length of sites is only 50m. 
Slightly greater variability occurs among adjacent stretches than among 
different dates withln a stretch in most cases, variability that would be 
reduced or 'averaged" in longer, normal length zones (i.e., 200m). 

' approximates background variation. Figs. 0-2 and 0-3 illustrate data from 50m 

When examining integrity of sites with two or three sampling passes the 
observed variability may be as useful as means for detecting degradation. In 
fact, variability in Iwb scores is cornon (but not universal) in stressed 

Lu~ha@?~, p un4 especially where the causes of Impacts are episodic. 
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Figure 0-2. Plots of the modified Iwb versus river mile for SIX dates during 
1984 in Little Darby Creek. 
from a SOm long sampling stretch. 
cumulative IWB values averaged over all stretches for a given date. 

Each point represents a single sample 
Dotted llnes Indicate 
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Figure  0-3. Plots  o f  the  modlf led Iwb versus d a t e  f o r  s l x  adjacent sampl 
stretches (SOm I n  length )  dur lng  1984 l-n L i t t l e  Darby Creek. 
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Karr et al. (1987) found that In Illinois higher-quality sites had less 
variable I61 scores than sit,es of lower-quality. Variation, beyond normal 
background variation may reflect the random timing of pollution events, the 
ability of fish to avoid pollution, and the ability of fish to quickly 
recolonize (at least tolerant forms) previously degraded areas from upstream 
refuges. Cairns (1986) recognizes the importance of examining environmental 
variation in streams and he chastises approaches that Ignore this variation: 

.To ecologists, discussions of natural variability would seem platitudinous, 
since natural variability is one of the commonly accepted phenomena. Yet 
laboratory toxlcologlsts have almost without exception failed to incorporate 
this widespread and generally acknowledged ecological phenomena.into their 
investigations. Odum et a). (1979) note that an increase in variability is 
one of the frequent responses to stress, yet even ecologists have discarded 
certain field measurements because they are thought to be too highly 
variable. In fact, differences in variability rather than. differences I n  
averages or means might be the best measure of stress In natural systems." 

Figure 0-4 (Panel A ,  wading methods; Panel B, boat methods) shows a measure of 
variation, standard error, plotted versus the Iwb for several hundred sites 
with three sampling passes. Note the general trend of increasing variation 
with decreasing Iwb. There Is some decrease in warlation at the most degraded 
sites (Iub < 2) probably because the severity of the impact precludes much 
recovery of the fish comnunity. 

Box and whisker plots of our EWW/WWH reference site data (Fig D - 5 ;  wading and 
boat methods combined, three passes by ecoregion Panel A :  Iwb, Panel 6: IBI) 
illustrates background levels of variation as measured by standard errors 
( S E ) .  Standard errors of greater than about 0.5 for the modified Iub and 4 
for the IBI suggest variablllty greater than background variability (i.e., 
possible impacts or poor sampling). The importance of this lies in 
determining whether a site attains the designated use for an ecoregion. 

' Ideally, sites should be sampled two to three times to ensure that a site is 
meeting criteria for an ecoreglon. Karr et al. (1967) suggested that one is 
more likely to overrate poor sites than underrate high-quality sites. Thus a 
low IBI score is more likely to reflect degraded conditions and less likely to 
be a n  'underscoring" high-quality site. As an example, the CJWH standard for 
headwater sites in four of five ecoreglons is 40. If a site scores a 32 on a 
single pass (baring no sampling problems) it is unlikely to reach the standard 
after more sampling; the low score indicates an impacted comnunity. Further 
sampling will most likely yield other low scores or produce variable results. 
For sites with three passes a difference of at least 4 points for the IBI and 
0.5 points for the modified Iwb are needed to detect true differences; when 
comparing data to a standard or unimpacted control site high variability 
increases the Ilkellhood of a difference (indicating an impact). These 
criteria are less conservative than parametric ranges tests such as the 
Student-Newman-Kuels test because increased variation decreases the ability of 
these parametric tests to detect differences among sites, even though the 
Increase in variability may well indicate increased stress. Figure 6 
Illustrates the concept behind analyzing use attainment and the confidence of 
various combinations of scores, variation, and sampling passes. The need to 
achieve macroinvertebrate criteria (ICI) and both fish criteria (I61 and Iwb) 
increases the protectiveness of the criteria. 

' 

D- 5 
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D- 3 : Mac r o i nve r t eb ra t e s 

Variation In evaluatqng parameters at a given site must be kept at a rninlrnum 
In order to make accurate biological assessments based on developed crlteria. 
To this end, a study was conducted at a slte in Big Darby Creek I n  central 
Ohio in the sumner of 1981. The original intent of the study was to evaluate 
the effectiveness of the sampling unit consisting of five artiflcial substrate 
samplers. Parameters generated from the data (composition, number of taxa, 
density, and diversity Index) were subjected to a number of statistical 
analyses to evaluate sampling unit reliability. Results of this study are 
reported elsewhere (Ohio €PA 1984). The next logical progression was to 
analyze the degree of variation In IC1 values generated by the data. 

The study location was a section of Big Darby Creek at river mile 36.5. 
Darby Creek i s  a documented high quality aquatic system composed of a very 
diverse benthic fauna many taxa of which are quite rare in abundance (Oh lo  EPA 
1983a). Thus it would seem that the potential for variatlon under these 
conditions is significant. Twenty-two sampling units of five artiflcial 
substrates each were placed in a run in the general configuration depicted in 
Figure D-6. 
and depth over the samplers. Colonization occurred 'between June 30 and August 
1 1 ,  1981. Methods of retrieval and sample processing were consistent with the 
procedures outlined in Ohio EPA (1987a). Nineteen of the sampllng units were 
subsequently analyzed and IC1 sumnary statistics are listed in Table D - 1 .  The 
box-and-uhlsker plot o f  the IC1 values is depicted in Figure D-7. 

Big 

An attempt was made to minimize differences in current velocity 

Previous examination of the data (Ohio EPA 1984) indicated that the physical 
factors measured (depth and current veloc1,ty) were kept relatively constant 
and had no significant effect on the biological parameters measured. Slmilar 
results were found when the physical factors were compared to the IC1 values. 
Assuming that the same water quality conditions were affecting all the 
sampling units, it was inferred that any variability i n  IC1 was due to natura1 
biological processes (e.g., predation, emigration, imnigration, mortality, 
natality) influencing the comnunity colonizing the sampling unit. 

IC1 values were reasonably consistent. The median value was 34 and the 25th 
and 75th percentiles were 32 and 36, respectively. This suggests that the 
four point "gray" zone o f  insignificant violation i s  an accurate range and 
would allow for the effect of natural variation on the IC1 value. More tests 
of this kind in other high quality Ohio stream locations are planned to 
further substantiate and test the consistency and reproducibility of the ICI. 

- 
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Table 0-1. IC1 sumnary statistics generated from data collected at the 1981 
B l g  Darby Creek test location. 

Sample Size: 19 
Average: 34 
Median: 34 
Standard Error: 0.8 
Minimum Value: 28 
Maximum Value: 44 
Quart1 le 

lower (25%): 32 
upper (75%): 36 

0 

0 
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Figure 0-7. Box-and-whisker plot o f  IC1 values generated f rom data collected 
at the 1981 Big Darby Creek test location. 
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E-1: Methods for Calculating Drainage Areas 

Three methods may be used for calculating drainage areas (square miles) whic'h 
lie upstream from sampling locations. They may be used Individually or 
combined as the need dictates. The method(s) used is dependent on three 
variables, 1) accessibility of drainage area information, 2) whether or not 
data are computerized, and 3) time constraints. Time constraints are often 
the most important factor, resulting in the consistent use of one method over 
another. 

Precision of drainage area calculations in areas of 20 square miles or less I s  
especially Important when they are used as factors In various biological 
indices (e.9. Headwaters 161). Calculation of larger drainage areas allows 
for a greater margin of error, so relative precision in such areas is not as 
critical. An acceptable error margin Is 10% (this can be determined through a 
more detailed process of using a digltlzer). 

The first and easiest method used for calculating drainage areas is to use 
drainage areas listed in the Gazetteer of Ohio Streams (Ohio Dept. Nat. Res. 
1960)  and the Supplement to the Gazetteer of Ohio Streams (Ohio Dept. Nat. 
Res. 1967) .  Sampling locations which are located within one mile of the mouth 
of a listed stream or river are assigned the value which corresponds to the 
drainage area of that watershed. 
fall between two listed streams are calculated by interpolation. This method 
Is used most often and requires a relatively small effort. 

A second method is a "hands-on" procedure in which a clear sheet of plastic 
marked with one square mile grids is over-laid on a USGS 7 1/2 minute 
topographical map. Happed contour lines are carefully observed and watershed 
boundaries are outlined. Any portion of the watershed which lies wlthin any 
portion of  a block of the overlay is used in the calculation. For sections of 
a watershed which cover only a portion o f  a grid, the percentage of the grld 
which Is filled is estimated. All full grids and partial grids are then added 
together, resulting in the total drainage area. This method is used for small 
streams and the headwate-rs portions of larger streams where the Supplement to 
the Gazetteer of Ohio Streams does not Include the information necessary for 
calculating drainage areas. This method Is also used in conjunction with the 
Supplement to the Gazetteer. Grids are used to calculate small drainage areas 
between sampling locations and Gazetteer reference points. 

Drainage areas of sampling locations which 

The third method, and the most complex, is that of creating a plot of the 
sampling locations. Data must be in a computerized information base to use 
this method. An electronic data file Is created which contains the stream 
code, river mile and latltude/longltude coordinates o f  the sampling 
locations. This file i s  then merged with a PEHSO plotting program called 
PEHLST. PEHLST will produce a plot of the state of Ohio with all sampling 
locations labeled with an "x" and a river mile index number. When a plot has 
been produced, a mylar map containing the boundaries of Ohio watersheds is 

E-1 
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over-laid on the plot. To accomplish the allgnment of sampllng points wlthln 
the watershed boundarles, the map of Ohio watershed boundarles is flrst 
over-la.ld on the map of Principle Streams of Ohlo ( O h i o  Dept. Nat. Res. 
1984). 
over-laid on the plot of sampling locations, points should fall along the 
stream courses. Thls procedure aids In determining the drainage pattern of a 
stream basin. When all of these preliminary steps have been completed, a 
digitizer is used t o  outline the estimated Watershed boundaries upstream from 
the selected sampling point. Drainage areas of watersheds are llsted in two 
computer prlntouts labeled P E W 0  Watershed Characteristics. All dralnage 
areas a r e  llsted In acres. The scale of  the dlgitlzer is set to acres to 
correspond t o  drainage areas llsted in the PEHSO Watershed Characteristics 
printouts. All numbers derived from the digltlzer calculatlons must then be 
converted to square mlles (this is done by dividing the number of acres by 
640). Thls method 1 s  the most time consuming, but has the capablllty o f  being 
the most accurate for determining drainage areas. However, slnce all 
tributaries are not shown on the Principle Streams of Ohio map, precise 
boundary llnes are not always known. 

Stream courses are drawn in using a pencil. When the watershed map 1 s  

E-2 



Doc. 0053e/0000e Users Manual October 30, 1987 

Procedure No. UQNA-SUS-6 Date Issued 11/02/87 
Revis ion No. 1 1  I' E f f e c t I v e  11/02/87 

E-2: F I N S  Basin-River/Stream Codes 

Bas in - r l ve r / s t ream codes were developed f o r  use w i t h  the F i sh  In fo rma t ion  
System (FINS). This  I s  composed o f  a two d i g i t  p r e f i x  o r  bas in  code and a 
t h r e e  d i g i t  r i v e r / s t r e a m  code. The two d i g i t  bas in  code conforms t o  the  major 
b a s i n  codes used w i t h  t he  Ohio EPA PEMSO system (Ohio €PA 1983b). 
Twenty-three major bas ins are  designated across the  s t a t e .  

The th ree  d i g i t  r i v e r / s t r e a m  code was developed by us ing  the  G a z e t t e e r  of  Ohio 
Streams (Ohio DNR 1960). Each major mainstem stream or  r i v e r  w i t h i n  each o f  
t h e  23 major bas lns I s  designated 001. Major t r i b u t a r i e s  o f  the mainstem 
stream o r  r i v e r  a r e  assigned codes 100, 200, 300, e t c .  Smal ler  streams and 
t r i b u t a r i e s  a r e  g iven numbers i n  between. Thus the  code f o r  the  Hocking R i v e r  
i s  01-001 r e f l e c t i n g  i t s  l o c a t i o n  I n  major bas in  01 and I t s  prominence a s  the  
mainstem r i v e r .  

F I N S  bas in -s t ream/r iver  codes a r e  s to red  a t  Ohio EPA f o r  each major bas in  
accord ing  t o  a numerical  s o r t  f o r  a l l  r i v e r s  and streams l i s t e d  i n  Ohto DNR 
(1960).  Codes and names a r e  assigned t o  streams no t  l i s t e d  i n  the  gazet teer  
and s to red  a t  Ohio EPA. I n t e r e s t e d  persons should c p t a c t  Ohio EPA, D i v i s i o n  
o f  Water Q u a l i t y  Mon i to r i ng  and Assessment, Surface Water Sect ion f o r  
numer ica l  l i s t i n g s  and o ther  i n fo rma t ion .  
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E-3: Ohio EPA PEMSO River Mile Index 

The Ohio EPA REMS0 River Mile Index (RMI) system is used t o  locate and 
designate biological sampling locations. The RMI itself is comprised of a 
string of distinct river mile numbers arranged In the order of stream 
tributation from the largest tributary to the smallest (Ohio EPA 1983b). 
For t h e  purposes of the biological sampling locations w e  use the last, number 
in the RMI string along with the FINS basin-river/stream code. Together these 
are equivalent t o  a given RM.1 strlng. River miles are ordered from downstream 
to upstream beginning 4 t h  rlver.mIle (RM) 0 at the confluence or mouth of 
each stream. Thus RM 52.1 is positioned 52.1 mIles upstream from the mouth. 

River miles for specific locations are determined from maps located in the 
Office of PlannIng. Copies of these maps are located in each District Office 
and at the Water QualIty Laboratory. More information about the RMI i s  glven 
in Ohio EPA (1983b). 

, 
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Appendlx F :  Avallabillty of Reports 

This appendlx llsts rlver and stream basins, subbaslns, and malnstem segments 
whlch have been evaluated using the standardlzed blologlcal field evaluatlon 
methods detalled in thls document. Readers should note that all reports 
completed prlor to 1986 and some completed ln 1986 may rely on blologlcal data 
evaluatlon technlques whlch have since been superceded by those presented in 
thls document, The Ohlo EPA blologlcal data base back t o  and lncludlng at 
least 1982 data will be re-analyzed based on the methods contalned in thls 
manual for the 1988 305b report whlch I s  scheduled for completlon In Aprll 
1988. 

In addition to the major study areas llsted in Table F-1 Ohlo EPA conducts a 
number of  slte evaluatlons and “rnlnl-surveys“ each year. These are generally 
conducted on small streams and include 3-5 sampllng locations. These efforts 
usually Include blologlcal data collection, but are not llsted In Table F - 1 .  
Please contact the Dlvlslon of Water Quality Monitoring and Assessment for 
further lnformatlon. . 

F-1 
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Table F - 1 .  B i o l o g i c a l  and water  q u a l l t y  s t u d i e s  conducted between 1977 and 
7985 by t h e  Ohio EPA, D l v l s i o n  o f  Water Q u a l i t y  M o n l t o r l n g  and 
Assessment.a 

Year Survey Area Scope 
Repor t  

Avai  lab3 li t y b  

1977 Ottawa R i v e r  

1978 M i l l  Creek 

1978 S c o t t s  Creek 

1979 Brush C'reek 

1979 S c i o t o  R i v e r  

1979 Sandusky R i v e r  

1979 G i l r o y  D i t c h  

1979 Rocky Fo rk  

1980, Mahoning R i v e r  
1987, and 1983 

1981 Grea t  M iami -R ive r  

1981 Bear Creek 

981 B i g  Darby Creek 

981 Bokes Creek 

' 1981- Cowies Creek 

'Upstream o f  Lima t o  Aug la l ze .  R l v e r  

Upstream o f  M a r y s v i l l e  t o  S c l o t o  R l v e r  

Upper s e c t i o n  (Hocklng County) 

Headwaters t o  Ludlow Creek 
\ 

Prospect  t o  Ohlo R i v e r  

Upstream o f  Bucyrus t o  Tymochtee Creek 

Headwaters t o  L i t t l e  Miam 

M a n s f i e l d  t o  B lack  Fork 

R1 ver 

L e a v l t t s b u r g  t o  Beaver R i v e r  (Pa . ) ,  
M i l l  Creek (Boardman t o  mouth),  and 
Mosqui to  Creek downstream r e s e r v o l r .  

Mainstem f r o m  T a y l o r s v i l l e  Reserve t o  
t h e  mouth, lower  Mad, S t i l l w a t e r  R .  

New Lebanon t o  Great  Miami R i v e r  

E n t i r e  Mainstem, lower  L i t t l e  Darby 

Upper watershed (West M a n s f i e l d )  

- -  - _ .  

-Geneva t o  Lake E r i e  __ - 

BWQR 

BWQR 

BWQR 

BWQR 

BWQR 

BWQR 

BWQR 

W R (  ) 

TSD 

F-2 
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T a b l e  F - 1 .  Cont inued. 

Year Survey Area Scope 
Report  

Avai  l a b 1  11 t y b  

1981 

' 1981 

1981 

1981 

1981 

1981 

1981 

7 981 

1981 

1981 

1982 

7 982 

1982 

1982 

Eagle & S i l v e r  Creeks 

E l k  Fork 

Four n i l e  Creek 

Kopp Creek 

L i t t l e  Chippewa Creek 

N e t t l e  Creek 

Rocky R i v e r  

Sandusky River '  

S c i o t o  R i v e r  ( C e n t r a l )  

Yel low, L i t t l e  Ye l low 
and Brush Creeks 

B i g  Walnut Creek 

B lack  R i v e r  

Eas t  Branch V e r m i l i o n  
R i v e r  

Eas t  Fork L i t t l e  M i a m i  
R i v e r  

Headwaters t o  downstream f rom 
G a r r e t t s v l l l e  

HacArthur t o  Raccoon Creek 

Acton Lake t o  Great Hiaml R i v e r  

New Bremen t o  S t .  Harys R i v e r ,  
i n c l u d e s  W i e r t h  D i t c h  

Upstream O r r v i l l e  t o  Chippewa Creek 
. 

E n t i r e  Hainstem 

E n t i r e  Subbasin 

T i f f i n  t o  Fremont ( B a l l v i l l e  Dam) 

Upstream o f  Columbus t o  C h i l l i c o t h e  

L e i p s i c  t o  C u t o f f  D i t c h  

Headwaters t o  Hoover Reservoi r  

Mainstem and es tuary ,  lower  E.  and 
W. Branches 

Mainstem and, S k e l l i n g e r  Creek 

Hainstem and t r i b u t a r i e s  upstream 
and downstream f rom Harsha Reservo i r  

CWQR 

CWQR 

F-3 
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Table F-1. Continued. . 

Year Survey Area Scope 
Report 

Availabilityb 

1982 East Fork Whitewater 
R1 ver 

1982 Great Miami River 

1982 Hocking River 

1982 Kyqer Creek 

1982 Licking River 

1982 Little Beaver Creek 

1982 Muddy Creek 

Headwaters to Ohio-Ind. state line CWQR( ) 

Hainstem from Indian Lake to 
Taylorsville Reserve 

Mainstem to Enterprise 
Rush Creek, Clear Creek 

Entire Subbasin 1986 305b 
\ 

Newark to Dillon Reservoir, 
lower North and South Forks 

Headwaters to Beaver Creek 
(Greene County) 

CWQR ( ). 

Headwaters to estuary CWQR( 1 

1982 N. Turkeyfoot Cr., Hainstem - ust. 6 dst. of Wauseon C W R (  1 
Bad Cr. and Delta 

1982 Southfork Great Miami Headwaters to Belle Center 
River 

1982 Stillwater River Mainstem, Swamp Cr. to mouth; Painter CWQR(*) 
Creek, entire length; Greenville 
Creek, State line to Greenville; 
Harris Run, entire length; Swamp 
Creek, entire subbasin; N. Fork 
Stillwater R., headwaters to 
downstream of Ansonia. 

1982 Walnut Creek Entire mainstem, Paw Paw Creek, C W R (  ) 

1983 Blanchard River Entire Hainstem, minor tributaries TSD( 1984 ) 

Sycamore, George Creeks 

F-4 
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Tab le  F-1 . Cont inued. 

Year Survey Area Scope 
Rep0 r t 

Aval l a b ?  1.1 t y b  

1983 Cross & Ye l low Creeks 

1983 K i l l b u c k  Creek 

1983 L i t t l e  A u g l a i z e  R i v e r  

1983 L i t t l e  Miami R i v e r  

1983 McMahon, Sunf lsh,  & 
Capt ina  Creeks 

1983 Tuscarawas R i v e r  

1984 Cuyahoga R i v e r  

1984 Maumee R l v e r  

1984 T i f f i n  R i v e r  

1984 Had R i v e r  

1984 L y t l e  Creek 

1984 Upper S c l o t o  R i v e r  

1984 L i t t l e  Raccoon Creek 

1984 Mills Creek 

E n t i r e  subbaslns 

Hainstem and major  t r i b u t a r i e s  
f r o m  Wooster t o  Walhondlng R .  

E n t i r e  subbasln 

Hainstem.and major t r i b u t a r i e s  . 
E n t i r e  subbaslns 

Mainstem, Wolf Creek, Chlppewa 
Creek, lower  Sugar Creek, minor  
t r i b u t a r i e s  

Mainstem f r o m  Lake Rockwel l  t o  mouth, 
T i n k e r s  Creek, Brandywine Creek, 
Mud Brook, Breakneck Creek 

S t a t e  l i n e  t o  Napoleon, lower  
A u g l a i z e  R iver ,  Gordon Creek 

Lower mainstem and major  t r i b u t a r i e s  

Urbana t o  mouth, lower  Buck Creek 

Ent i  r e ’  l e n g t h  

Upstream HcGuffey t o  d s t .  Kenton 

Lake Ruper t  t o  mouth, i n c l u d e s  

Seneca Fork t o  W i l l s  C r .  Reservo i r ,  

t r i b u t a r i e s  

Leatherwood Creek 

TSD( 1985) 

TSD( 1985) 

TSD( 1985) 

TSD( 1986 

TSD( 1985 

F i l e  

F l  l e  

TSD .( 1986) 

TSD (1986 

TSD (1986 

TSD (1986 

TSD .( 1986 

TSD (1985) 

TSD (1986) 
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Table F-1. Contlnued: 

Report 
Year Survey Area Scope Avai lab1 1 1  tyb 

1984 Yankee Creek 

1984 Huron River 

1984 Mills Creek 

1984 Beaver Creek 

1984 Whetstone Creek 

1984 Jerome Fork 

1984 Black Fork 

1985 Paramour Creek 

1985 Portage River 

1985 Mills Creek 

1985 Ottawa River 

1985 Sixmile Creek 

1985 Wabash River 

1985 Disher Ditch 

1985 Sugar Creek 

1985 Rocky Ford Cr. 

1985 Nimishlllen Creek 

1985 Deer Creek 

Hainstem and Llttle Yankee Creek TSD (1986) 

Malnstem from Norwalk to mouth, lower TSD (1986) 
East and West Branches, Rattlesnake Cr. 

Upper Mills Creek and Snyders Ditch 

Grand Lake outlet to Wabash River 

Mt. Gilead to Delaware Reservoir 

Upstream Ashland to'mouth, includes 
Lang Creek and trlbutaries 

Upstream and downstream Shelby 

Entlre Subbasin 

Downstream Brush-Wellman to 
Oak Harbor 

Lower section In Sandusky to L .  Erie 

Upstream Llma to mouth 

Near Spencervllle; includes Auglaize 
River downstream to Ottawa River 

Upstream and downstream Ft. Recovery 

Upstream and downstream Whitehouse 

D s t .  Ford Motor-Lima Engine Plant 

Upstream and downstream North Baltimore 

Entire basin, includes Sandy Creek 
downstream confluence 

Oak Run and upper rnainstem 

TSD (1985) 

TSD (1985) 

TSD (1985) 

TSD (1986) 

TSD (1985) 

TSD (1987) 

TSO (1986) 

TSD (1986) 

File 

TSD (1986) 

TSD (1986) 

TSD (1986) 

TSD (1986) 

TSD (1986) 

F l  le 

TSO (1986) 

. .  
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1985 

1985 

1985 

1985 

1986 

1986 

1986 

1986 

1986 

1986 

1986 

1986 

1986 

1986 

1986 

1986 

1986 

1987 

1987 

L i t t l e  Beaver Creek 

F u l t o n  Creek 

C lear  Creek 

l n d  an Creek 

M i l  Creek 

B i g  Darby Creek 

Raccoon Creek 

Chagr in  R i v e r  

L. Cuyahoga R i v e r  

Lower Haumee R i v e r  

L. S a l t  Creek 

Upper Mad R i v e r  

Rocky Fk. L i c k i n g  R. 

T w i n  Creek 

A l u m  6 B l a c k l i c k  Creeks 

S c i o t o  R i v e r  

Ohio R i v e r  

Cuyahoga R i v  

D icks  Creek 

E n t i r e  subbasin except  TSD (1986) 
mlnor  t r l b s .  

Upstream and down- TSD (1986) 
s t ream Rlchwood 

Near H i l l s b o r o  i n t o  TSD (1986) 
Rocky Fork Lake 

Near H i l l v i l l e  t o  mouth TSD (1986) 

U s t .  H a r y s v i l l e  t o  mouth TSD (1987) 

U s t . / d s t .  P l a i n  C i t y  area TSD (1987) 

D s t .  Clyde t o  Sandusky Bay TSD (1987) 

Us t .  Chagr in  F a l l s  t o  RM 4.0 TSD (1987) 

Subbasin, Ohio Canal, and TSD (1987) 
Sumnit Lake 

Napoleon t o  Toledo i n c l u d -  TSD (1987) 
i n g  Maumee Bay, major  t r i b s .  

U s t .  Jackson t o  RH 13.0 TSD (1987) 

Se lec ted  s i t e s  u s t .  Kings TSD (1986) 
C r . ,  i n c .  t r i b s .  

Se lec ted  s i t e s  i n  subbasin TSD (1986) 
I n c .  t r l b s .  

Hainstem and s e l e c t e d  t r l b s .  TSD (1987) 

Hainstems t o  B i g  Walnut TSD (1987) 

Columbus t o  C i r c l e v i l l e  F i l e  

C l n c i n n a t l  area F i  l e  

L. Cuyahoga t o  Lake E r i e  I P  

E n t i r e  b a s i n  I P  
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1987 Ohlo Brush Creek 

1987 Buffalo Creek 

1987 Raccoon Creek 

Halnstem and tributaries IP 

Entire subbasln IP 

Upper malnstem near Johns- IP 
town 

1987 Kokosing Rlver Malnstern and trlbutarles IP 

1987 Llttle Scloto Rlver Halnstern and trlbutaries IP 

1987 Grand Rlver 

1987 Olentangy Rlver 

1987 Cemetary Creek 

Lower malnstem and estuary IP 

Lower malnstem in Columbus IP 

Near Jeffereson IP 
\ 

a For further Information contact Dlvlslon of Water Quality Honltorlng & 
Assessment, Surface Water Section, Box 1049, Columbus, Ohlo 43266-0149 

Letter codes denote the followlng: CWQR(*) - Certlfled Comprehensive Water 
Quality Report; CWQR(0) - draft CWQR; BWQR - Blologlcal and Water Quality 
Report (before 1981); TSD - Water Quallty Technical Support Document (after 
1984); File - file information: no report; IP - in progress.. 

b 
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